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Description 

1 . Field of the Invention 

t The present invention relates to a novel nonlinear optica materia' naving an increased second harmonic 

generating ability and usable for an optical switch, an optical memory in an optical data information 
processing or optical communication system, or an optical bistable element to be used in optical signal 
operation Fu r the r . it pertains to a novel nonlinear optical cystallme materia' containing a salt obtained by 
the reaction of a conjugated aromatic carboxylic acid compound with an optically active amine 

2. Description of the Related Art 

The nonlinear optical effect refers to, for example, a secondary or higher effect of the magnitude of an 
applied electric field exhibited by the relationship of an electric polarizing response of a substance, which is 

75 only primarily proportional to the magnitude of the applied electric field, when, for example, a strong 
photoelectric field such as a laser beam is applied to the substance. 

A secondary nonlinear optical effect may include a second harmonic generation of converting the 
wavelength of an incident light to a 1/2 wavelength, a parametric oscillation which converts a light with one 
kind of wavelength into a light with two kinds ot waveiengtns, and a secondary iiydi miAiny which on the 

20 contrary generates a light with one kind of wavelength from a light with two kinds of wavelengths. Due to 
these various characteristics, materials having a nonlinear optical effect will be for use as an optical switch, 
optical memory in optical data-'information processing, or such elements as optical bistable element, optical 
switch, etc. to be used in optical signal operations. 

Generally speaking, in this field of the art, inorganic materials, primarily LiNbOs , have been studied and 

25 investigated, but inorganic materials had a drawback such that great difficulty is encountered in forming a 
desired optical element, because of such shortcomings as their performance indices which are not so great, 
small response speed, no good form workability, great hygroscopicity. tow stability, etc. 

In recent years, in contrast to these inorganic materials, researchers are becoming more interested in 
application of organic materials. This is because the response of organic materials is based primarily on the 

30 -n electron polarization, whereby the nonlinear effect is great, and also the response speed is great, as 
confirmed and reported in the art. For example, a large number of studies are reported in the ACS 
Symposium Series Vol. 233, 1983. The secondary nonlinear optical characteristics to be dealt with in the 
present invention, which is a third rank tensor, cannot be evoked if a symmetric center exists in the 
molecular or the crystal. For this reason, in the case of organic materials, even when they may have a 

35 structure exhibiting an excellent nonlinear effect at molecular level, they must be formed into crystals or 
solid state for using the second harmonic generation as the practical mode. However, at such stage of 
solidification, an inversion symmetrical structure will be frequently formed preferentially, whereby there has 
been involved the problem that a nonlinear optical effect as an optical element can not be exhibited. 

40 SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to solve the above-mentioned problems of the prior art 
and to provide an organic crystalline compound for various nonlinear optical elements, and having an 
increased second harmonic generating ability, a high molecular polarizing ability, and having no inversion 

symmetry. 

Another object of the present invention is to provide an organic crystalline compound having excellent 
second harmonic generating ability required for a material for forming various optica! signal processing 
elements. 

Other objects and advantages c' trie present invention will be apparent from the following description 
50 In accordance with the present invention, there is provided an organic nonlinear optical substance 

having the formula (!): 

AH-CR 1 =CH ^ — CH = C - C - B (I) 

Hi 

CN 0 



wherein 

FT represents -H or -CH : , 

n is 0, 1 , Or 2. 

A represents Z'-Ar, 
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C - C 



3\ 2 5 

Z — Ar- , R / or ( Z ; 



wherein Ar represents a 6 - i4 membered aromatic group including a heterocyclic ring or bisphenylene 
type ring; T represents H-, R : R e N-, R 7 0-, R fc S-, NC-, R 5 OCO-. R lC COO-, 0: N- : R'R^NOC-. R' 3 CO(R' 4 )- 

T5 N-, or R' b -: Z 2 , Z 3 , and Z 4 independently represent H-, a C-.-C E alkyl-, R' L 0-. R' 7 R 1b N-, R"-S-, 0;N-, or two 
R u being, in combination, R x CH v ; R 2 represents H- or a C—C12 alkyl: R- to R 20 independently represent 
H-. or a Ci-Cu hydrocarbon residue; Z- independently represents H-, a C- -Cs saturated hydrocarbon 
residue, O^N-, R 2l 0-, R 22 S-, NC-, or R 23 R ?4 N-, wherein R 21 to R 2 * independently represent H or a Ci-Cy 
saturated by hydrocarbon residue; X represents -S-, -0*. or / NR^ e ; r is 0 or an integer ot 1 to 3; ana R 2 ~ 

20 represents H or a hydrocarbon group having 1 to 8 carbon atoms; 

B represents -0H> Amine* where Amine' represents an optically active amine; -NR*Y where R 4 
represents -H or a single bond; Y represents -(CH 2 )p CQ 1 G 2 G 3 where p is 0 or 1 ; G\ Q 2 , and Q 3 are 
different and represent -H, a Ci -C- ; alkyl, phenyl, naphthyl, -OH, -CH?0H, -COOR 25 , -CNR 26 R 27 , a residue 
of an a-amino acid from which an ammo group is removed, where R 2 ^ to R 27 independently represent -H or 

;>5 -C- -Cg hydrocarbon residue, or Y represents -CQ 4 Q 5 Q 6 where Q 4 , Q 5 and Q & are different and G 4 and Q 5 
are as defined for G\ Q 2 and Q 3 and Q b represents 



30 ~ 

of which one bond is linked to the bond of R 6 where q is an integer of 1 to 4. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

35 

Generally speaking, the second harmonic generating ability is greater in a longer conjugated system, in 
which polarization within the molecular is greater and also contribution of the polarization is greater, but with 
elongation of the conjugated length, the absorption maximum is shifted toward the longer wavelength side, 
whereby correspondence to a 1/2 wavelength of the incident light may occur. In this case, optical damage 

40 may occur which absorbs the second harmonic generated and changes the refractive index, chemical 
denaturation, or combustion by an absorption of heat energy. Accordingly, it is frequently disadvantageous 
to simply elongate the conjugated length. For example, a compound increased in molecular polarization due 
to an insertion of a carboyl group represented by the formula (I) shown below, a group having a high 
electron attractability such as a cyano group and further various substituents into benzene nucleus may be 
expected to have large nonlnoan'y as the result of shifting effect of electron arrangement within the ring, 
but practically has a structure with an inversion asymmetry center due to a large molecular polarization, 
whereby frequently a generator! of the second harmonic can not be observed. Generally speaking, it is a 
difficult techn.qi.e to control *he crystalline structure, particularly tc form a crystal form which will collapse 
tne symmetrv center. Accorcungly. wmle an excellent nonlinear susceptibility may be expected to be 

r>o possessed at molecular level, most examples prove to be no longer effective as the second harmonic 
generating material As the result of intensive studies, as shown in the present invention, by use of an 
optically active amine as the basic substance to introduce its optically active asymmetric structure thereof 
as the carboiiyl'C acid salt, and consequently a structure without an inversion asymmetry center can be 
prepared to accomplish the present invention. As a consequence, the great nonlinear susceptibility at 
moiecuia* level can be evubitec as such as the crysta 1 structure, and th:s may be conside-ed to contribute 
greatiy to applications m this ftelc of the art. 
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the same carbon atom Also for the molecular polarizations to interfere with each other, it is desirable that a 
conjugated system exists but an elongation of the conjugates length wil result m an elongation o f the 
absorption maximum to the longer wavelength side, wnereby there is the possibility that the damage may 
be formed due tc the incident light wavelength or the second harmonic wavelength. For this reason, the 
conjugated length should not be too long 

From the above-mentioned standpoints, it has been found that a-cyanoacrylic acid derivatives having a 
conjugated group are effective as ar acid moiety having a conjugated system Furtne r more, the compounds 
having the formula (I) including the optically active amine salts or amides are effective for providing 
asymmetry center as mentioned above 

t o Acco r ding to a first embodiment of the present invention, the organic nonlinear optical substance has 

the general formula (I) wherein R" represents H, Z represents H-, R : R l N-, R'O-. R>S-, NC-. R*OCO-, O r N- 
, R' C COO. R"R" ? NOC-. R' : 'CO(R"~ )N-. or R'- -, Ar represents an aromatic group having 5 to 14 carbon 
atoms, and B represents -OH -Anne' wherein Amine* represents an optically active amine selected from 
the group consisting of 1-phenylethylamine 1 -(a-naphthyl)ethylamine, 1 -phenyl-2-methylethylamine, 1- 

75 phenyl-2-aminopropane, and brucme. 

These amines are strong bases and, therefore, easily react with carboxyhc acids to form stable salts in 
any conventional method. 

The optically active amines may be dextrorotatory or levorotatory. Formation of the salt may be carried 
out by conventional neutralization reaction, which may be in either state of a solution or a solid phase. 
20 For maintaining the purity of the optical activity, it is not preferable to carry out the reaction at too high 
a temperature, but it is desirable to contrive to inhibit heat generation during salt formation. Salt formation 
will frequently give a product which differs in solubility to a great extent from the starting material, and 
therefore existence of salt formation can be easily confirmed and its purification can be also easily done. 

The optically active amine salt of the carboxylic acid thus obtained assumes a crystalline state, having 
25 excellent moldability, and can be formed into various elements under the crystalline form as such or as a 
solid solution, which can be then applied to the nonlinear optical application field. 

The organic nonlinear optical substances according to the first embodiment of the present invention 
have an e>1remely large second harmonic ability. The carboxylic acid moiety of this compound can be 
preferably derived from the caboxylic acids having the structure (II) 

30 

Z 1 - A r - (CH = CH) CH = C - COOH (II) 



Examples of such carbo>ylic acid may include: substituted phenyl 2-cyanopropenoic acid derivatives 
such as 3-phenyl-2-cyanopropenoic acid, 3-{p-dimethylaminophenyl)-2-cyanopropenoic acid, 3-(p- 
aminophenvl)-2-cyanopropenoic acid, 3-(p-diethylammophenyl)-2-cyanopropenoic acid. 3-(p- 
drpropylaminophenyl)-2-cyanopropenoic acid, 3-(p-dibutylammopheny1)-2-cyanopropenoic acid, 3-(p-mon- 
40 omethylammophenyl)-2-cyanopropenoic acid, 3-(p-monoethylaminophenyl)-2-cyanopropenoic acid, and the 
nr.- or o- suostituted derivatives; 

3-(p-methyloxyphenyl)-2-cyanop r openoic acid, 3-(p-ethyloxyphenyl)-2-cyanopropenoic acid, 3-(p-pro- 
pylo>yphenyl)-2-cyanopropenoic acid. 3-(p-butyloxyphenyl)-2-cyanopropenoic acid. 3-(p-pentylo>:yphenyl)- 
2-cyanoprooenoic acid. 3-(p-n-hexyloxyphenyl)-2-cyanopropenoic acid. 3-(p-decanoxyphenyl)-2- 
4b cyanopropenoic acid, and the- m-or o- substituted derivatives, 

3-(p-mf*thylthiophenyI)-2-cyanopropenoic acid, 3-(p-ethylthiophenyU-2-cyanopropenoic acid, 3-(p-propyl- 
t'Mophenyl'i-S-cyanopropenoic acid. 3-t'p-butylthiophenyl]-2-cyariopropenoiC acid, 3-{p-penty!thiophenyh-2- 
cyanopropenoic acid, 3-(p-n-h-3xylthiophenyl)-2-cyanopropenoic acid. 3-{p-decanethiophenyl)-2- 
l yanopropenoic acid, and the m-or substitutes derivatives, 
50 3-(p-cyanophenyl)-2-cyanopropenoic acid, 3-(m-cyanophenyl)-2-cyanopropenoic acid, 3-(o- 

cyanophenyl)-2-cyanopropenoic acid 3-(p-methyloxycarbonylphenyl}-2-cyanopropenoic acid, 3-(p-ethylox- 
ycarbonylphenyl)-2-cyanopropenoic acid, 3-(p-propyloxycarbonylphenyl)-2-cyanopropenoic acid, and the m* 
or o- substituted derivatives; 

3-(p-acetyloxyphenyh-2-cyanoDrDoenoic acid, 3-(p-propionyloxyphenyl)-2-cyanopropenaic acid, 3-(p- 
c>t tHJtanoylphenyl '-2-cyanopropenc)ic acid and the m-or c- substituted derivatives. 

3-Onitrophenvl}-2-cyanopropenoic acid. 3-(m-nitrophenyl)-2-cyanopropenoic acid. 3-(o-nitrophenyl)-2- 
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cyanopropenoic acid and the m- cv c- substituted derivatives. 

3-(p-acetylammophenyh-2- ryanopropenoic acid 3-(p-propionyiaminophenyh-2-cyanopropeno)C aad ; 
and the m- or o- substituted derivatives; 

3-p-methylpnenyl)-2-cyancipropenoic acid 3-(p-ethylphenyl)-2-cyanopropenoic acid, 3-(p-propy!- 
i phenyl--2-cyanopropenoic acid. 3-(o-butylphenyh-2-cyanopropenoic acid. 3-(p-pentylphenyl>-2- 
cyanopropenoic acid 3-(p-n-hexylpheny!')-2-cyanopropenoic acid. 3-(p-decanephenyl)-2-cyanopropenoic 
acid, and the m- or o- substitute derivatives. 

Substituted phenyl 2-cyanc-2.4-pentadienoic acid derivatives such as 

2-cyano-5-phenyl-2.4-pentadienoic acid 2-cyano-5-(p-dimethylaminophenyh-2,4-pentadienoic acid, 2- 
io cyano-5-(p-diethylanninopheny!)-2.4-pentadienoic ac<d. 2-cyano-5-(p-dipropylaminophenyh-2.4-pentadi©noic 
acid ; 2-cyano-5-(p-dibutylaminophenyl)-2 4-pentadienoic acid, 2-cyano-5-(p-monomethylaminophenyr)-2.4- 
pentadienoic acid, 2-cyano-5-(p-aminophenyl)-2. 4-pentadienoic acid, and the m- or o- substituted deriva- 
tives, 

2-cyano-5-(p-methylo> vphenyl)-2,4-oentadienoic acid. 2-cyano-5-(p-ethyloxyphenyl)-2.4-pentadienoic 
rr> acid, 2-cyano-5-(p-propyloxyphenyl)-2,4-pentadienoic acid, 2-cyano-5-(p-butyloxvphenyl)-2,4-pentadienoic 
acid, and m-, o- substituted derivatives thereof; 

2-cyano-5-(p-methy!thiOphenyl)-2,4-pentadienoic acid, 2-cyano-5-(p-etnylthiophenyl)-2,4-pentadienoic 
acid, 2-cyano-5-(p-propylthiophenyl)-2,4-pentadienoic acid, 2-cyano-5-(p-butylthiophenyl)-2,4-pentadienoic 
acid, and m-, o- substituted derivatives thereof; 
20 5-{p-cyanophenyl)-2,4-pentadienoic acid, and rrv, o- substituted derivatives thereof; 

2-cyano-5-(p-methyloxycarbonylphenyl)-2,4-pentadienoic acid, 2-cyano-5-(p-ethyloxycarbonylphenyl)- 
2. 4-pentadienoic acid, 2-cyano-5-(p-propyloxycarbonylphenyl)-2, 4-pentadienoic acid, 2-cyano-5-(p-butylox- 
ycarbonylphenyl)-2,4-pentadienoic acid, and m-, o- substituted derivatives thereof; 

2-cyano-5-(p-acetyloxyphenyl)-2,4-pertadienoic acid, 2-cyano-5-(p-propionyloxyphenyt)-2,4-pen- 
25 tadienoic acid, 2-cyano-5-(p-butanoyloxyphenyl)-2, 4-pentadienoic acid, and nv, o- substituted derivatives 
thereof; 

2-cyano-5-(p-nitrophenyl)-2,4-pentadienoic acid, and m-, o- substituted derivatives thereof; 
2-cyano-5-(p-dimethylamidophenyl)-2.4-pentadienoic acid, 2-cyano-5-(p-diethylamidophenyl)-2, 4-pen- 
tadienoic acid, 

30 2-cyano-5-(p-dipropylamidophenyl)-2.4-pentadienoic acid, 2-cyano-5-(p-dibutylamidophenyl)-2, 4-pen- 
tadienoic acid, 2-cyano-5-(p-monomethyiamidophenyl)-2,4-pentadienoic acid, 2-cyano-5-(p-amidophenyl)- 
2, 4-pentadienoic acid, and m-, o- substituted derivatives thereof; 

2-cyano-5-(p-acetylaminophenyl)-2,4-pentadienoic acid, 2-cyano-5-(p-propionylaminophenyl)-2,4-pen- 
tadienoic acid and m-. o- substituted derivatives thereof; 
35 2-cyano-5-(p-methylphenyh-2, 4-pentadienoic acid, 2-cyano-5-(p-ethylphenyl)-2, 4-pentadienoic acid, 2- 

cyano-5-(p-propylphenyl)-2, 4-pentadienoic acid, 2-cyano-5-(p-butylphenyl)-2.4-pentadienoic acid and m-, o- 
substituted derivatives thereof; 

Substituted phenyl 2-cyano-2,4,6-heptatnenoic acid derivatives such as: 

2-cyano-7-phenyl-2.4.6-hep:atrienoic acid, 2-cyano-7-(p-dimethylaminophenyl)-2,4,6-heptatrienoic acid, 
40 2-cyano-7-(p-diethylaminophenyl i-2,4,6-heptatnenoic acid, 2-cyano-7-(p-dipropylarninophenyl)-2,4,6-hep- 
tatricnoic acid, 

2-cyano-7-(p-dibutylaminophenyl>-2,4, 6-neptatnenoic acid, 2-cyano-7-(p-aminophenyl)-2,4,6-heptatnenoic 
acid. 2-cyano-7-(p-monomethylaminophcnyl)-2,4,6-heptatrienoic acid, and rrv, o- substituted derivatives 
thereof; 

4* 2-cyano-7-(p-methylc> yphon yh-2, 4. G-'ieptatrienoic acid, 2-cyano-7-(p-ethyloxyphenyl)-2.4.6-hep- 

tatnenoic acid. 2-cyano-^-(p-propyloxyphi-}nyl)-2.4.6-heptatrienoic acid. 2-c yanc-7-(p-buty!oxyphenyl)-2,4.6- 
hoptatnonoic acid, and m- o- substituted der vatives tnoreof; 

2-cyano-7-(p-methylthi 3pheiylj-2,4,6-heptatnenoic acid, 2-cyano-7-(p-cthylthiophenyl)-2,4.6-hep- 
tatnenoic acid. 

so 2-cyano-7-(p-propylthiophenyl)-2.4,6-heptatrienoic acid, 2-cyano-7-(p-butylthiophenyI)-2.4.6-heptatrienoic 
acid and m-, o- substituted derivatives thereof; 

2-cyano-7-(p-cyanopnenyl)-2,4,6-heptatnenoic acid, and m-, o- substituted derivatives thereof; 
2-cyano-7-(p-methyioxycarbonylphenyl)-2.4,6-heptatrienoic acid, 
2-cyano-7-(p-ethyloxycarbonylphenyl)-2.4 6-ncptatncnoic acid, 2-cyano-7-(p-propy loxy car bony Iphenyl)- 
i>- 2.4.G-heptatrienoc acid. 2-cyano-7-(p-butyloxycarponylpheny!-2.4.6-heptatnenoic acid, and t»- o r o- substi- 
tuted derivatives: 
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Z - Ar-f-CH = CH-^-CK = C - COOH (III) 
' Z 4/ 0-2 CN 

Examples of such carboxylic acid include 3-(3.4-dimethoxyphenyh-2-cyanopropenoic acic. 3-(3.4-diethox- 
yphenyl>-2-cyanopropenoic acid, 3-(3,4-dipropyloxyphenyh-1 -cyanopropenoic acid, 3-(2,4-dimethox- 

70 yphenyl)-2-cyanopropenoic acid 3-f2.4-diethoxyphenyl)-2-cyanopropenoic acid, 3-(2.4-dipropyloxyphenyl)- 
2-cyanopropenoic acid, 3-(3.4-dimethylthiophenyh-2-cyanopropenoic acid, 3-{3,4-diethylthiophenyl)2- 
cyanopropenoic acid 3-(3,4-dipropylthiophenyl)-2-cyanopropenoic acid, 3-(2,4-dimethylthiophenyl)-2- 
cyanopropenoic acid, 3-(2.4-diethoxypheny1)-2-cyanopropenoic acid, 3-(2.4-dipropylthiophenyt)-2- 
cyanopropenoic acid, 3-(3,4-dimethylaminophenyh-2-cyanopropenoic acid, 3-(3,4-diethylaminophenyl)-2- 

75 cyano-1-propenoic acid, 3-(3.4-dipropylaminophenyl)-2-cyanopropenoic acid, 3-{2,4-dimethy1phenyI)-2- 
cyanopropenoic acid, 3-(2,4-diethylamtnophenyl)-2-cyanopropenoic acid, 3-(2,4-dipropylaminophenyl)-2- 
cyanopropenoic acid, 3-{3,4-dinitrophenyl)-2-cyanopropenoic acid, 3-(2.4-dinitrophenyl)-2-cyanopropenoic 
acid, 5-{3,4-dimetho>:yphenyl)-2-cyano-2,4-pentadienoic acid, 5-{3,4-diethoxyphenyl)-2-cyano-2,4-pen- 
tadienoic acid, 5-(3,4-dipropyloxyphenyl)-2-cyano-2,4-pentadienoic acid, 5-(2,4-(dimetnyithiophenyi)-2- 

20 cyano-2,4-pentadienoic acid, 5-(2 1 4-diethylthiophenyl)-2-cyano-2,4-pentadienoic acid, 5-(2,4-dipropyl- 
thiophenyl)-2-cyano-2,4-pentadienoic acid, 5-(3,4-dimethylthiophenyl)-2-cyano-2,4-pentadienoic acid, 5-(3.4- 
diethy)thiophenyl)-2-cyano-2,4-pentadienoic acid, 5-{3,4-dipropylthiophenyl)-2-cyano-2,4-pentadienoic acid, 
5-(2,4-dimethylthiophenyl)-2-cyano-2,4-pentadienoic acid, 5-(2,4-diethylthiophenyl)-2-cyano-2 ( 4-pentadienoic 
acid, 5-(2,4-dipropylthiophenyl)-2-cyano-2,4-pentadienoic acid, 5-(3.4-dmitrophenyl)-2-cyano-2 t 4-pen- 

25 tadienoic acid, 5-(2,4-dinitrophenyl)-2-cyano-2,4-pentadienoic acid, 7-(3,4-dimethoxypheny1)-2-cyano-2,4,6- 
hexatrienoic acid, 7-(3,4-diethoxyphenyl)-2-cyano-2,4,6- hexatrienoic acid, 7-(3,4-dipropyloxyphenyl)-2- 
cyano-2,4,6-hexatrienoic acid, 7-(2,4-dimethylthiophenyl)-2-cyano-2,4 1 6-hexatrienoic acid, 7-(2,4-diethyl- 
thiophenyl)-2-cyano-2.4,6-hexatnenoic acid, 7-(2,4-dipropylthiophenyl)-2-cyano-2,4,6-hexatrienoic acid, 7- 
(3 1 4-dimethylthiophenyl)-2-cyano-2,4,6-hexatrienoic acid, 7-(3,4-diethylthiophenyl)-2-cyano-2,4,6-hexatrienoic 

3o acid, 6-(3,4-dipropylthiophenyl)-2-cyano-2,4,6-hexatrienoic acid, 6-{3,4-dinitrophenyl)-2-cyano-2,4,6-hex- 
alrienoic acid, 7-(2,4-dinitropheny!)-2-cyano-2,4,6-hexatrienoic acid and the like. The mutual position of the 
double bonds of these conjugated carboxylic acids should be preferably trans-form, to obtain a stable 
structure and also for exhibiting the nonlinear optical effect but is not limited thereto. 

The organic substance of the present invention is obtained as a solid with a crystalline structure not 

35 having an inversion symmetrical center according to the constitution as described above, and an excellent 
nonlinear susceptibility at the molecular level is exhibited as such also in the crystalline structure, thus 
exhibiting an excellent nonlinear optical effect such as a generation of the second harmonic at a high level, 
and therefore, this substance can be utilized for forming an optical signal processing element. 

According to a fourth embodiment of the present invention, the organic nonlinear optical substance has 

40 the general formula (I) wherein FT represents H, A represents 



whorem one of Z ; , Z-"' and Z £ represents H- and tne remainder independently represents C--C-: alky I . 
R' - 0-, R""R"-N-. R""S. or 0;N-, Ar represents an aromatic group having 6 to 14 carbon atoms, and B 
so represents a residue of an optically active amine selected from the group ethyl consisting of 1- 
phenylethyiamine. 1 -(a-naphthyhethylamme. 1 -pheny l-2-methylethylamme 1 -phenyl-2-aminopropane, and 
brucme. 

The optically active amine salt o f the carboxylic acid thus obtained assumes a crystalline state, having 
excellent moiaability. and can be formed into various elements unde r the crystalline form as such or as a 
v sclid solution, which can be thnn applied tc the nonlinear optical application field. The organic nonlinear 
optical substances acco-dmg to the first embodiment of the present mvenfon have an extremely large 
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The carDoxvlic acid moiety o 4 this compound can be preferably derived from the carboyhc acids 
having tne structure (III) 

According to a fiftn embodiment of the present invention tne organic nonhnea r optica! substance has 
the general formula (I) wherein R' represents H. A represents Z'Ar-. Z' represents H- R- R fc N-. R'O-. R fe S-, 

5 NC-. 0 : N-. R^OCO-. R" J COO, R"R' : 'NOC-. R'-COfR 14 )N-. o- R : -. Ar represents an aromatic ring having 6 
tc 14 carbon atoms, and 5 represents -NR 4 Y 

The moiety -NR ft Y includes, for example, a-chira 1 substituted primary alkylamines (i.e.. p = o) having 4 
to 20 carbon atoms such as 1-methylpropylamme. 1 -ethylpropylamine, 1 -methylbutylamine. 1-methylpen- 
tylamine. 1 -pheny'ethylamme. 1 -(u-naphthyhethylamino, and 1 -(hydroxymethyljpropylamrne. ^-chiral substt- 

ff tuted primary alkylamines (i.e.. p=1) having 4 to 20 carbon atoms such as 2-(methyl)butyiamine, 2- 
methylpentylamine, 2-phenylpropy tannine. 2-(a-naphthyl)propylannme, and 2-(hydroxybuty!)amine prolinole; 
amino acid derivatives having 3 to 20 carbon atoms such as alkyl esters (e.g., methyl esters and ethyl 
esters) of u-amino acids, a-amino acid amides, a-ammo acid anilides, or peptides derived from the same or 
different a-ammo acids. It should be noted, however, that the presence of a carboxyl group as an acid is not 

75 preferable from the reaction standpoints. Examples of the typical optically active (either dextrorotatory or 
levorotatory) amino acids, usable in tne present invention are alanine, leucine, isoleucne, ethionine, 
cysteine, serine, tyrosine, tryptophan, threonine, norvaline, norieucine, valine, histidme, phenylalanine, a- 
phenylglycine, methionine, and proline; monoamino dicarboxylic acids and carboamides such as aspartic 
acid, glutamic acid, asparagine, and glutamine; and diaminomonocarboxylic acids sucn as argtmne, lysine, 

20 ornithine, canavanme. and hydroxylysme 

The carboxylic acid moiety of this compound can be preferably derived from the carboxylic acids 
having the structure (II). 

According to further embodiments of the present invention, the organic nonlinear optical substances 
have the following genera! formula (I): 
25 (i) R" represents H-. A represents Z 1 -Ar-, Z" represents R- R G N-, R 7 0-, R 8 S-, NC-, R 9 OCO-. R 10 COO-, 
R^R^NOC-, R" ,3 CO(R 1A )N', or R' 5 , Ar represents an aromatic group having 6 to 14 carbon atoms, and B 
represents -OH • Amine' wherein Amine* represents an optically active a-amino acid or the derivative 
thereof, which can include those as mentioned above 
(ii) R" represents H, A represents 

30 




where one of 7j\ Z- , and Z 4 represents H or substituted C -Ce alkyt, the remainder of Z 2 , Z 3 and Z A 
represents together methylene dioxy group wherem the dioxy groups are bonded to the adjacent 
positions of Ar, Ar represents an aromatic group having 6 to 14 carbon atoms, and B represents 

40 -OH- Amine* wherein Amine* represents an optically active amine selected from the group consisting of 
1 -phenylethylamine, 1 -(a-naphthyl)ethy lamine, 1 -phenyl-2-methylethylamine, 1 -phenyl-2-aminopropane, 
brucine, 1-butanol, 1 -amino-2-propanol, 2-amino-1 -propanol, 2-amino-1 -(p-nitrophenyl)-l ,3-propanediol, 2- 
dimethylamino-1 -phenyl-1 -benzyl-1 -propanol, 1 -(N,N-dimethylamino)-1 -phenyl-propylamine, and a resi- 
due o* an optically active a-amino acid and the derivative thereof, or the above-mentioned NR'Y. 

41 The carbo>ync acids fo r mmg the organic nonlinear opti;a! substances of this embodiment can be 
represented by the formula (IV): 



0 - Ar ■ 
/ / 
CH_ - 0 



CH = CH -) CH = C 



COOh 



(IV) 



0-2 



CN 



Examples o* such ca r bovyl:c a:ids are 3-(3 4-dio*ynnethy lenephenyi r-2-cyanoprope-noi : acid, 2- 
cyano-5-f3.4-dioxymethytenepnenyl)-2,4-pentadienoic acid, 2-cyano-7-(3 4-dioxymethylenephenyl)-2,4,6- 
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heptatnenoic acid, and piperonoyi derivatives. 

(iin FT represents H or CH ? A represents R : where R : represents H or an alky I grouC 1 having 1 to 12 
carbon atoms, and B represents -OH- Amine* wherein Amine* represents an optically active amine 
selected from the group consisting of 2-amino-1-butanot. 1 -amino-2-propanol, 2-amino-1 -propanol. 2- 
amino-1 -(p-nitrophenyl p-1 ,3-p r opanediol 2-di metnytami no- 1 - phenyl- 1 - benzyl- 1 - propanol. and 1 -(N,N- 
dimetny lam i no; - 1 -phenyl-propy lamine. 

The carbo>;ylic acids forming the organic nonlinear optical substances of this embodiment can be 
represented by the formula (V); 

H-^-CH (- CR' = CK -)— CH = C - COOH (V) 

0-12 0-2 ^ 



75 Examples of such carboxylic acid may include 3-alkyl substituted 2-cyano propionic acid derivatives 

such as 3-methyl-2-cyanopropenoic acid. 3-(n-propy!)-2-cyanopropenoic acid. 3-(n-butyl)-2- 
cyanopropenoic acid. 3-(n-pentyl)-2-cyanopropenotc acid. 3-(n-hexy!)-2-cyanopropenoic acid; 

5-Alkyl substituted 2,4-pentadienoic acid derivatives such as 2-cyano-5-methyl-2,4-pentadienoic acid, 
2-cyano-b-(n-propyi)-2,4-pentadienoic auu, 2-uyaMO-5-(n-uutyl)-2,4-p6ntadienoiC acid, 2-cyano-5-(rvpen- 

20 tyl)-2,4-pentadienoic acid, 2-cyano-5-(n-hexyl)-2,4-pentadienoic acid, 2-cyano-5-{n-heptyl)-2,4-pen- 
tadienoic acid; 

5-Alkyl substituted 2,4-pentadienoic acid derivatives such as 2-cyano-5-methy!-2,4-hexadienoic acid, 
2-cyano-5-(n-propyl)-2,4-hexadienoic acid, 2-cyano-5-(n-butyl)-2,4-hexadienoic acid, 2-cyano-5-(n-pentyl)- 
2,4-hexadienoic acid, 2-cyano-5-(n-hexy!)-2,4-hexadienoic acid, 2-cyano-5-{n-heptyl)-2,4-hexadienoic 

25 acid; 

7-Alkyl substituted 2,4,6-heptatrienoic acid derivatives such as 2-cyano-7-methyl-2,4,6-heptatrienoic 
acid, 2-cyano-7-(n-propyl)-2.4,6-heptatrienoic acid, 2-cyano-7-(n-butyl)-2,4,6-heptatrienoic acid, 2-cyano- 
7-(n-pentyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(n-hexyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(n-heptyt)- 
2,4,6-heptatrienoic acid; 

30 5-Methyl 7-alkyl substituted 2,4,6-heptatrienoic acid derivatives such as 2-cyano-5-methyl-7-methyl- 

2,4,6-heptatnenoic acid, 2-cyano-5-methyl-7-(n-propyl)-2,4,6-heptatrienoic acid, 2-cyano-5-methyl-7-(n- 
butyl)-2,4,6-heptatrienoic acid, 2-cyano-5-methyl-7-(n-pentyl)-2,4,6-heptatrienoic acid. 2-cyano-5-methyl- 
7-(n-hexy1)-2,4,6-heptatrienoic acid, 2-cyano-5-methyl-7-(n-heptyt)-2,4,6-heptatrienoic acid: 

7-Alky! substituted 2,4,6-octatrienoic acid derivatives such as 2-cyano-7-methyl-2,4,6-octatrienoic 

35 acid, 2-cyano-7-(n-propyl)-2,4,6-octatrienoic acid, 2-cyano-7-(n-butyl)-2.4,6-octatrienoic acid, 2-cyano-7- 
(n-pentyl)-2 4,6-octatrienoic acid, 2-cyano-7-(n-hexy1)-2,4,6-octatrienoic acid, 2-cyano-7-(n-heptyl)-2,4,6- 
octatrienoic acid. 

(iv) R" represents H, A represents 



C - C 



r i: 



c c 

X 



and B represents -OH- Ammo" wherein Ammo* represents an optically active amine selected from the 
group consisting of 1 -pheny lothylammc. 1 -(a-naphthyl letnylamme, 1 -phenyl-2-methylothylamino, l-phe- 
nyl-2-aminopropane brucire. 2-amino-1 -butanol . 1 -ammo-2-propanol 2-amino- 1 -propano! 2-amino-1 -(p- 
50 nitrophenylH ,3-propanediol. ?-dimethylamino-i -phenyl-1 -benzyi-1 -propanol, and 1-(N,N-dimethylamino)- 
1 -phenyl-propyiamine. or -NR d Y 

The carboxylic acids forming the organic nonlinear optical substances of this embodiment can be 
represented by the formula (VI): 

( Z 5 A L~TU_CH = CH ) CH = C - COOH (VI) 
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Examples o J such carnoxyh: acid may include f :r example. 3-{5-memberea ring derivatives with 
hetero atcms.i substituted 2-ryanopronenoic acids sucr as 

3-i3-tnienyh-2-cyanoproDenoic and. 3-f2-tnienyh-2-cvanoprooenoic acid. 3-t'2-pyrroiylr2- 
cyanopropenoic acid 3-(3-pyrroiyli-2-cyanopropenoic acid, 3-(2-1uryb-2-cvanopropenoic acid. 3-(3-furyl>- 

$ 2-cvanopropenoic acid. 3-(2-maolyl/-2-cyanopropenoic acic, 3-(3-indolyl'-2-cyanopropen^tc acid, 3-fN- 
rrietny-2-pyrro!yi>-2-cyan;>propenoiG acid, 3-fN-methyi-3-pyrrolyh-2-cyanopropenoic acid. 3-(N-ethyl-2- 
pyrrolyh-2-cyanopropenO'C acid. 3-{N-ethyl-3-pyrroiyl)-2-cyanopropenoic acid. 3-(N-n-butvl-2-pyrrolyl}-2- 
cyanopropenoic acid 3-(N-n-bjtyl-3-pyrrolyl)-2-cyanopropenoic acid. 3-(5-nitro-2-furyl)-2-c yanopropenoic 
acid, 3-{5-n'tro-3-1uryh-2-cyanopropenoic acid. 3-(5-nitro-3-thienyl)-2-cyanopropenoic acid, 3-(5-nitro-2- 

ic thienyl)-2-cyanopropenoic acid 3-(5-chloro-3-indolyh-2-cyanopropenoic acid: 

5-(5-rnembered ring derivatives with hetero atoms) substituted 2-cyano-2.4-pentadienoic acids such 
as 2-cyano-5-(3-thienyl)-2,4-pentadienoic acic, 2-cyano-5-(2-thienyl)-2,4-pentadienoic acid. 2-cyano-5-(2- 
pyrroly!)-2,4-pentadienoic acid 2-cyano-5-(3-pyrrolyl)-2,4-pentadienoic acid. 2-cyano-5-(2-furyh-2,4-pen- 
tadienoic acid, 2-cyano-5-(3-1uryh-2,4-pentadienoic acid, 2-cyano-5-(2-indolyi)-2,4-pentadienoic acid, 2- 

75 cyano-5-(3-indoly1)-2.4-pentadienoic acid. 2-cyano-5-(N-menthyt-2-pyrrolyl)-2,4-pentadienoic acid. 2- 
cyano-5-(N-methyl-3-pyrrolyl)-2.4-pentadienoic acid. 2-cyano-5-{N-ethyl-2-pyrrolyl)-2,4-pentadienoic acid, 
2-cyano-5-(N-ethyl-3-pyrrolyl)-2.4-pentadienoic acid, 2-cyano-5-(N-n-butyl-2-pyrrolyl)-2,4-pentadienoic 
acid, 2-cyano-5-(N-n-butyl-3-pyrroly!)-2,4-pentadienoic acid, 2-cyano-5-(5-nitro-2-furyl)-2,4-pentadienoic 
acid, 2-cyano-5-(5-niiro-3-iuryi.-2,4-per>tadienoic acid, 2 cyar.c 5(5mitrc-2-thieny!;-2,4-pent?diennir and 

20 2-cyano-6-(5-nitro-3-thienyl)-2,4-pentadienoic acid, 2-cyano-5-(5-chloro-2-indolyl)-2,4-pentadienoic acid, 

5-(5-membered ring derivatives with hetero atoms) substituted 2-cyano-2,4,6-heptatrienoic acids 
such as 2-cyano-7-(3-thienyl)-2,4.6-heptatrienoic acid, 2-cyano-7-(2-thienyl)-2,4,6-heptatrienoic acid, 2- 
c:yano-7-(2-pyrrotyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(3-pyrrolyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(2- 
furyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(3-furyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(2-indolyl)-2,4,6-hep- 

25 tatnenoic acid, 2-cyano-7-(3-furyl)-2,4,6-heptatriaenoic acid, 2-cyano-7-(2-indolyl)-2,4,6-heptatrienoic acid, 
2-cyano-7-(3-indoly!)-2,4,6-heptatnenoic acid, 2-cyano-7-(N-methyl-2-pyrrolyl)-2,4,6-heptatnenoic acid, 2- 
cyano-7-(N-methyl-3-pyrroly1)-2,4,6-heptatrienoic acid, 2-cyano-7-(N-ethyl-2-pyrrolyl)-2,4,6-heptatrienoic 
acid, 2-cyano-7-(N-ethyl-3-pyrrolyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(N-n-butyl-2-pyrro1yl)-2,4,6-hep- 
tatnenoic acid, 2-cyano-7-(N-n-butyl-3-pyrrolyl)-2,4,6-heptatrienoic acid, 2-cyano-7-{5-nitro-2-furyl)-2,4,6- 

30 heptatrienoic acid, 2-cyaoo-7-(5-nitro-3-furyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(5-nitro-2-thienyl)-2,4,6- 
hexatrienoic acid, 2-cyano-7-(5-n:tro-3-thtenyl)-2,4.6-heptatrienoic acid, 2-cyano-7-(5-chloro-2-indoly!)- 
2,4,6-heptatnenoic acid. 

EXAMP LE 

35 

The present invention will now be further illustrated by, but is by no means limited to, the following 
Examples. 

Synthetic E> ample 1 

40 

Synthesis of 2-cyano-5-(4-dimethylaminophe nyl) - 2,4-pentadie noi c acid (1) 

To 100 m 1 of an aqueojs solution of 2.55 g of sodium hydroxide 5.97 g of methyl cyanoacetate was 
added and fuiher 9 55 g of p-dimethylaminocinnamoyl aldehyde was added under stirring, followed by 

•a heating to 85 * C with continuous stirring for 40 hou-s After completion of the reaction, 50 ml of 12 N 
hyciorhlonc acid was added, and a solid was recovered. The solid was subjected to recry^tallization from 
methanol, repeated twice, to give 6 38 g of the desired product, rr-.p. 218 - 219 "C The elemental analysis 
of C 68.40°o. H 5.88V N 1130% coincided well with the: calculated values of C 69.36V H 5.84V N 
11 56 c c IR absorption spe;t"um- o-esence of CN group at 2216 cm", COOH group at 1673 cm - ', benzene 

sc ring and conjugate double bond at 1615, 1586. and 1551 cm"' being recognized. In UMR spectrum, 
absorption by methyl group was recognized at 3.08 ppm, and AB type absorption based on benzene ring at 
6.80 and 7.60 ppm. Xmax was found to be 440 nm, 
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Svnthesi? E_x_ample _2 

Synthesis of ^cyanq-3-(4-dimethylamino_[^ acid (2) 

5 In 400 ml of an aqueous solution of 13.77 g o f sodium hydroxide, 34.80 g of methyl cyanoacetate was 

dissolved and 34.01 g of p-dimethylamino benzaldehyde was then added under a nitrogen atmosphere, 
followed by adding 200 mi of ethanol to obtain a uniform solution. Under reflux, the stirring was continued 
for 51 hours and the reaction mature was added to 12 N hydrochloric acid to obtain the precipitates. The 
resultant solid was repeated twice to recrystallize from a methanol ethanol mixiure to obtain 13.51 g of the 

V' needles 

NMR spectrum: methyl group at 3.08 ppm, doublet benzene ring at 6.84 - 6.82 ppm and 7.93 - 7.95 
ppm, and -CH = group at 8.25 ppm 
Yield: 37°c 
m p.: 226 - 228 'C 

it Elemental analysis: C 66.82%. H 5.56%. N 12.76% (Calc C 66.14%, H 5.60%, N 12.96%) 

Xmax in ethanol: 399 nm 

Synthesis Example 3 

20 Sy nthesis of 2 -cy ano-5 -(4-meth oxyphenyl)-2,4-pentadienoic acid (3) 

The desired compound was prepared in the same manner as in Synthesis Example 1 by using 16.2 g 
of p-methoxycmnamic aldehyde having a melting point of 45.5 "C t which was obtained from p-methox- 
ystyrene and phosphorus trichloride according to a method disclosed in J. Amer. Chem. Soc, 78, 3209 
25 (1956). 4.8 g of sodium hydroxide and 11.3 g of methyl cyanoacetate. The product was recrystallized from 
ethanol to obtain the needles having a melting point of 240" C at a yield of 69% 

Elemental analysis: C 68.11%, H 4.81%, N 6.10% (Calc. C 68 10%, H 4.85%, N 6.11%) 
NMR spectrum: methyl group at 3.83 ppm, doublet benzene ring around 7.02 - 7.64 ppm, and -CH = 
group at 7.09. 7.59 and 8.06 ppm. 
30 Xmax in ethanol: 372 nm 

Synthesis Example 4 

S ynthesis of 2-cyano-3-(3,4-methylenedioxyphenyl)-2-propenoic acid (4) 

35 

To an aqueous solution containing 14 20 g of sodium hydroxide and 33.75 g of methyl cyanoacetate, 
30.32 g of 3,4-(methylenedioxy)benzaldehyde was added, followed by stirring at 95 * C for 16 hours. After 
completion of the reaction, an aqueous diluted hydrochloric acid solution was added to obtain a pale yellow 
solid. The resultant solid was recrystallized from ethanol to obtain a crystal having a melting point of 

40 233 'C. 

Elemental analysis: C 61.01%, H 3.21%, N 6.37% (Calc. C 60 83%, H 3.26%, N 6.45%) 
Infrared spectrum: Absorption by -CN at a wavelength of 2224 cm~\ -COO- at 1677 cm"', conjugated 
system at 1575 cm - ' and 1293 cm"" 

NMR spectrum: -CH; - at 6.19 ppm(s). -CH = at 8.22 ppm(s). and -H based upon a benzene ring at 

41 7 12, 7.63, an j 7.68 ppm 

Synthesis Example; 5 

Synthesis of 2-cyano-3-(3.4-aimefhoxyphenyl)-2-cuooenoic acid (5' 

50 

To 150 ml of an aqueous solution of 9 19 g of sodium hydroxide, 20.50 g of methyl cyanoacetate was 
added and, under stirring, 25.38 g of 3,4-dimethoxy-benzaldehyde was further added, followed by heating at 
85 * C for 40 hours under stirring After completion of the reaction, the reaction mixture was added to 50 ml 
of 12 N nydrochionc acid to recover the resultant solid The solid was repeatec twice to recrystallize from 
ethanol to obtain 19.84 g of the aosired compound 

M p. 206.13 -C 
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1573. and 1512 cm"' and presence of conjugated double bond 

NMR spectrum Absorption by methy! group at 3.97 - 4 .01 ppm. ABX type absorption based upon 
benzene ring at 7 00 7.55 and 7 88 ppm, 

\rmax in ethanol 353 nm 

Sy nthesis E<ampie 6 

Synthesis ot 2-cyano-3-(2 4-dinitrophe nyl)-2- pro penoic ac id (6) 



w The desired compound (6i was obtained in the same manner as in Synthesis Example 5, except that 

2,4-dinitrobenzaldehyde was used instead of 3,4-dimethoxybenzaldehyde 
M.p .: 210'C 

Elemental analysis: C 46.00%. H 1.98%, N 16.03% (Calc. C 46.53%, H 1.92%, N 15.97% 

is Synthesis E<ample 7 

Synthesis of 2-cyan o-5-(3,4-dimeth oxyphenyl)-2. 4-pentadieno ic a cid (7 ) 

The desired compound (/) was ODtamea in the same manner as in Syniiiebis* Example 1. except that 2 
20 (3.4-dimethoxyphenyl)-1-formyl 1-propenoic acid obtained from the reaction of 3,4-dimethoxy benzaldehyde 
and phosphorus trichloride. 
M.p.: 190*C 

Elemental analysis: C 64.70%, H 5.15%, N 5.62% (Calc. C 64.85%, H 5.06%, N 5.40%) 

25 Synthesis Examples 8-14 

The compounds (8) - (14) shown in Table 1 were synthesized from the corresponding aldehydes and 
methyl cyanoacetate in the manner described above. 



30 



35 



40 
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Table 1: Synthesis of Aromatic Derivative 



Com- Structure m.p. ;°C) ka&x* 

pound 

No. Elemental analysis (C, H, N)(F: Found/C: Calcd) 



TP 


6 


P- 


-NO -C,H, -CU-C(CN)COOH 

264 F 54.91 2 


93 


208 
12.80 


/ 


C 


55 


05 


3C 2nm 
2.75 


12 


J4 




9 


P" 


-CH -O-C H -CH-C(CN)COOH 
3 6 4 F 65.10 4 


64 


229 
6 . 71 


/ 


c 


65 


02 


320nm 
4 .96 


6 


89 


15 


10 




H-C H -CH-C(CN)COOH 

6 4 F 69.56 4 


36 


210 
8.03 


/ 


c 


69 


35 


295nm 
4 .08 


8 


09 


20 


i i 




r u _CH-CH-CH-n(CN )COOH 
65 F 72.50 4 


60 


212 
7.01 


/ 


c 


72 


34 


320nm 
4.56 


7 


04 




12 




C H -CH-CH -CH-CH-CH-C ( CN )COOH 
65 F 74.75 4.88 


238 
6. 35 


/ 


c 


74 


64 


360rjn 
4.93 


6 


22 


25 


13 


m 


-CH -O-C^H, -CH-C(CN)COOH 
364 F 70.69 6 


67 


166 

12 . 37 


/ 


c 


71 


18 


296nm 
6 .88 


12 


46 




14 


P 


■C, J„0-C,H, -CH-C(CN)COOH 
10 21 6 4 F 73.55 8 


55 


82 
4 . 15 


/ 


c 


73 


43 


8.53 


4 


08 



30 



+1: determined in methanol 



35 Synthes is Exam ple 15 

Synthesis of tra ns,trans,tra n s,2-cy an o-7-(n-penty l)-2.4,6-heptatrien e-1 -carb oxyiic acid (15) 

To 150 ml of an aqueous solution containing 6.87 g of sodium hydroxide and 16.40 g of methyl 

40 cyanoacetate 14.85 g of trans,trans-2,4-decadienal was added, followed by heating at 100 C C fo r 16 hours 
under stirring. After completion of the reaction, an excess amount of an aqueous hydrochloric acid solution 
was added thereto to obtain a viscous solid. The resultant solid was recrystallized from n-hexane to obtain 
the crystal having a melting point of 98 - 102*C. 

Elemental ana'ysis: C 70.00V H 7.75%. N 6.2^% (Calc C 71.19V H 7.83%, N 6.39V 

41 !R spectrum -CN at 2211 cm - '. -COO- al 1609 cm - ', conjugated system at 1561 crrV and 996 cm - ' 
NMR spectrum: -CH = CH- at 6 25 - 7 95 ppm. long CH : - and CH : .- at 0 85 - 2 2 ppm, integrated 

intensity was well coincided 

Synthesis Example 16 

50 

Synthesis of trans. trans, 2-cyano-5-(n-heptyl)-2.4-pentadienoic acid (16) 



The desired compound was synthesized and purified in the same manner as in Synthesis Example 15, 
except that trans 2-aecenai was used as a starting materia! Thus crystals were obtained 
Eu-menta analysis C 71.20V H 8.90V N 6.17% (Calc C 70.55% H 8.67% N 6 33°o > 
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Synthesis Example 17 

Synthesis of 2-cyanc»-3-{2-thienyh-2-prooenoic acic (17) 

i To 160 ml o f an aqueous solution :ontaimng 20.97 g o* sodium hydroxide and 46.11 g of methyl 

cyanoacetate, 40.08 g of thiophene 2-carboxyaldehyde was added, followed by heating at 90 ' C for 9 hours 
under storing. After completion o? the reaction, an excess amount of hydrochloric acid was added and the 
resultant solid was recovered The solid was recrystallized from ethanoi to obtain the needles 
M.p.: 234'C 

to Elemental analysis: C 53.63V H 2.69%, N 7.80%, S 17.70% (Calc : C 53.61%, H 2.82%, N 7.82%, S 

17.89%) 

NMR spectrum: proton of thiophen ring at 7.34. 8.02 and 8.17 ppm. proton at p-position at 8.55 ppm 
Xmax in ethanoi: 335 nm 

)5 Synthesis E>ample 18 

S ynthe sis of 2-cyano- 3-(3-thienyl)-2-propenoic acid (18) 

The desired compound (18) was prepared in the same manner as in Synthesis Example 17, except that 
20 thiophene 3-carboxyaldehyde was used instead of thiophene 2-carboxyaldehyde. 
M.p.: 211 -C 

Elemental analysis: C 53.73%, H 2.71, N 7.73%, S 17 52% (Calc. C 53.61%, H 2.82%, N 7.82%, S 
17.89%) 

25 Synthesis Example 19 

Synthes i s of 2-cyano-3-(2-pyrrolyl)-2-propenoic acid (19) 

After 36,93 g of methyl cyanoacetate and 16.94 g of sodium hydroxide were dissolved in 260 ml of 
3u water, 23.80 g of pyrrole 2-carboxyaldehyde was added thereto, followed by heating at 95 * C for 30 hours 
under stirring. Thereafter, hydrochloric acid was added and the resultant solid was recrystallized from a 
mixed solvent of ethanol/methanol to obtain the crystal having a melting point of 213 'C. 

Elemental analysis: C 59.34%, H 3.82%, N 17.26% (Calc: C 59.25%, H 3.73%, N 17.28%) 

35 Synthesis E>ample 20 

S ynthe si s of 2-c yano- 3-(2-furyl)-2-propenoic a cid (20) 

The desired compound (20) was obtained in the same manner as in Synthesis Example 17, except that 
40 furfural was used. 
M.p.: 219*C 

Elemental analysis: C 59.02%, H 2.95, N 8.53% (Calc: C 58.89%, H 3.10%. N 8.59%) 
Xmax in ethanoi: 330 nm 

Synthesis Example 21 

Synthesis of 2-cyanc-5-f2-furyh-2.4-pentadicnoic acid (21) 

The desired compound (21) was prepared -n the same manner as in Synthesis Example i~ except that 
so 24.7 g of 3-(2-furyl) acrolein was used. 

The melting point of the resultant compound was 220 * C and the structure thereof was confirmed by the 
elemental analysis value and NMR spectrum. The Xmax in ethanoi was 368 nm. 
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Synthesis Example 22 

Synthesi s of 2-cyano— (2-;ury h-2 4 6-neo:atnene-i -carooxyu c acic (22 ) 

5 Tne aesirec compounc (22) was o r epared m the same manne- as in Synthesis Example 21 except that 

the aldehyde obtained f'om the oxicatior reaction with phospnorus oxyU'cntonae mentioned .n Syntnes s 
Example 3 Tne tra^s structJ r e o* tne resultant was confirmed by an NMR sDectrjm 

Synthesis Example 2 3 

Svnthests of 2-cyanci-3-i'3-!ndo!y!)-2-prpDenoic acid (23) 



The desired compound (23) m the form of a pale yellow flake crystal was obtained at a yield of 33.5% 
m the same manner as m Synthesis Example 1 by using 21.34 g of indole 3-carboxyaloehyde. 9 47 g of 
is sodium hydroxide and 23 46 g of methyl cyanoacetate. 
M.p 230 *C 

Elemental analysis: C 68.33%, H 3.77%. N 13.29% (Calc C 67 92%, H 3.80%, N 13.20%) 
xmax in ethanol: 378 nm 

20 E w a!uat'On ^et^od of intensity of second harmonic generation 



According to the method as described in S. K. Kurtz et al, Journal of Applied Physics (J. Appl. Phys.), 
VoL 39, p 3798 (published in 1968), the generation of the second harmonic wave was measured for the 
powder of the compound of the present invention. As the incident ray source, a beam of 1.06 u of Nd.YAG 

25 laser (2 W'2 KHz pulse) was employed and irradiated on the powdery sample filled in a glass cell. The 
incident light was filtered by a filter and the green light generated at an incident angle of 55* from the 
normal direction was detected to obviate the effect from the strength of the incident light. As the sample for 
Control, urea powder or m-nitroaniline powder having a particle size of 50 to 90 am, which was previously 
powdered, followed by sieving, was employed Regarding the resistance to a laser beam, the laser beam 

30 was irradiated to the sample and the deformation in the appearance was visually observed. Generally, the 
determination of the principal characteristics was carried out at a non-focus point because the intensity of 
the laser beam was strong 

E xampl e 1 

A 2.39 g amount of the carboxylic acid compound (1) obtained m the Synthesis Example 1 was 
dissolved in 150 ml of tetrahydrofuran and, to the resultant solution, 1.18 g of L-(-)-1 -phenylethylamine was 
added under stirring. Momentarily, the precipitate was generated, which was filtered to recover 3.16 g of a 
reddish orange solid. The solid was recrystallized from ethanol/methanol mixture to obtain 2.16 g of 
40 needles. The elemental analysis value of this product was as follows. 

C: 72 70% {Calc. '72.09%). H: 6.68% (Calc *6.95%), N 11.63% (Calc. "11.56%) 

IR spectrum: carboxylate at 2400 - 3200 cm - ' 

In the case of the carboxylic acid (1). the absorbance of the COOH group at 1673 cm" 1 was shifted to 
about 1620 cm"' to exhibit the generation of the salt formation 
d$ The NMR sooct r um exhibited an absorbance by a methyl group at 2 95 ppm, benzene at 6 74 - 7 50 

ppm. and methyl group of 1 -phenylethylamine at 1 50 ppm The relative ratio o* the methyl group 
absorbance intensity was 2.1, indicating the formation of a salt of carooxylic acid amine = 1.1 The 
equvaien* mo ar rat.o was a ; so corfirmed from the elemental analysis The Xmax of this salt in ethano was 
420 nm which was banged to the low wavelength side oy 2G rm wnen compared with that c f the 
cor-espondmg carbc-xyhc acid (1) Tne melting point was 1 83 ' C and the Gegree of the optica: rotation [ Q ) c 
at Na-D ray in mothanoi was -5* (c = 0.597) When the powder was irradiated by a 1.06 u light of Nd-YAG 
laser, the intensity of the second harmonic generation was about 3 times of that of m-nitroaniline. 
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Example_2 

The carboxylic acid (12) prepared in the Synthesis Example 12 was used tc form a salt with L-H-i- 
phenylethylamtne in a THF solution m the same manner as in Example 1 The crystals were precipitated 
with the elapse of time. The resultant crystal was recrystafiizecf from a mixed solvent of metnanol-'ethanol to 
obtain a pale yellow crystal having a melting point of 172"C 

The elemental analysis of the resultant crystal is C: 75.98%, H 6.18%. and N: 8 06%, which was well 
coincided with the calculated value of C: ^6.26%, H: 6 41%, and N: 8 09% in terms of a 1:1 salt of the 
carboxyhc acid (12) and phenylethylamine. 
w IR spectrum showed broad carboxylate absorption at 2400 - 3200 cm - ', and the absorption of COOH 

group at 1673 cm~' in the carboxylic acid (12) was shifted to about 1620 cm - ' to reveal the formation of 
the salt. 

The NMR spectrum gave an integrated intensity suggesting the formation of carboxylic acid amine of 
1:1. The degree of the optical rotation [q] d at Na-D ray in methanol was +0.97 degree (c = 0.597). The 
?5 Xmax in ethanol of the resultant salt was 355 nm, which was changed to the low wavelength side by 5 nm 
when compared with that of the corresponding carboxylic acid. When the powder was irradiated by a 1.06 u 
light of Nd-YAG laser, the intensity of the second harmonic generation was about l 8 times of that of m- 
nitroaniline. 

20 Examples _3 -_12 

Optically active amine salts of various carboxylic acid compounds were obtained in the same manner 
as in Example 1, and their second harmonic generating abilities were determined. The results are shown in 
Table 2. 

25 

Table 2 





Example 


Carboxylic 


m.p. 


Elemental analysis (Found/Calc.) 


Degree of 


Xmax 


SHG * 


30 


No. 


acid amine 


rc) 




optical 




generating 










rotation [a] D 




ability 




3 


11 PEA 


147 


C:74.92%, H:6.14%, N: 8.77% 
(0:74.96%, H:6.30%, N; 8.74%) 


-2.01 


325 nm 


1.2 




4 


2 PEA 


177 


0:70.69%, H:6.67%, N:12.37% 


-0.33 


385 nm 


0.4 


35 








(C:71.18%, H:6.88%, N:12.46%) 










5 


9 PEA 


136 


0:69.96%, H:6.04%, N: 8.61% 
(0:70.34%, H:6.23%, N: 8.64%) 


-0.88 


320 nm 


0.3 




6 


10 PEA 


164 


0:72.82%, H:5.98%. N: 9.58% 
(0:74.45%, H:6.26%, N: 9.65%) 


-0.73 


288 nm 


0.1 


40 


7 


13 PEA 


149 


0 70.41%. H:6.23%, N: 8.62% 
(0:70.34%, H:6.23%, N: 8.62%) 




285 nm 


0.3 




8 


5 PEA 


207 


0:67.74%, H:6.12%, N: 7.94% 
(0:67.77%, H:6.27%. N: 7.91%) • 




333 nm 


0.2 




9 


4 PEA 


176 


C 67 79%, H:5.37%.. N: 8.21% 




337 nm 


0.3 










{7:67.43%. H:5.37%, N 8.28%) 










10 


8 PEA 


154 


C 63 31%. H:4.78?%. N:12.25% 
('I 63.70%, H:7.94%, N 12 38%) 


-2 35 


302 nm 


0.1 




1 1 


23 PEA 


175 


C 71 .90%. H.5.64%, N:12 52% 
(C 72 04% H 5 76%. N 12 61%) 




358 nm 


0.1 


50 


12 


20 PEA 


150 


C 67.90%, H:5.64%, N: 9.52% 
(0 67 58%, H 5.68%. N: 9.85%) 




320 nm 


0.2 




PEA: L-(-)-phenylethyiamine 



* (relative to m-mtroaniline (nvNA)t 
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Example 1 3 

A 0.6^ g amount of tne ca'ooxyh: acid 4 obtained in Synthesis Example 4 was dissolved in 7 ml of 
tetrahydrofuran. followed by adding 0.92 g of optically active R-{-)-1 -(u-napntnyliethylamine. The resultant 
5 solid was filtered and recystallized from ethanoi The melting point was 171 *C anc tne ratio of the 
integrated intensity o* the absorption peaks of the carboxyhc acid (4t component to (a-naphthyl)ethyiamine 
component such as methyl group obtained from the NMR souctrum was 1:1. 

The elementa 1 analysis was C 71.55%. H 5.20°o. N 7.21%, which was comcioed with the calculated 
value. C 71.55%, H 5.26V N 7.20% which was based upon the formation of a 1:1 salt of the carboxyhc 
j:> acid and the amine. 

When the resultant crystal was finely powdered and the generation of the second harmonic generation 
was determined, the intensity of the emission is about 1.5 times of that of the urea 

Example 14 

15 

A 0.93 g amount of the carboxyhc acid (1) obtained in Synthesis Example 1 was dissolved in 10 ml of 
tetrahydrofuran, followed by adding 0.70 g of S-(-)-i -(a-naphtnyl)ethylamme thereto. The resultant solid was 
recovered and washed thoroughly with tetrahydrofuran. After drying, the crystal having a melting point of 
171 *C- The degree [q] c of the optical rotation of the sample in methanol was -30.0 degree (c = 0.04) and 
20 Xmax was 421 nm. The maximum wave length was appro> imately coincide with that of Example 1. The 
second harmonic generation generating ability of the crystal was about 3.9 times of that of urea. 
Furthermore, when the crystalline powder was exposed to the laser beam for a long time, apparent damage 
was not observed. 

25 E xamples 15-19 

Various optically active amine salts were prepared in the same manner as in Example 14 and the 
second harmonic generating abilities were determined. 
The results are shown in Table 3. 

30 

Table 3 



Example 


Carboxyhc acid 


Optically active amine 


SHG generating ability "1 


15 


Synthesis Example 5 


1 -Phenyl-2-methylethylamine 


1.5 


16 


Synthesis Example 7 


1-Phenylethylamine 


5.0 


17 


Synthesis Example 7 


1 -(a-naphthyl)ethylamine 


3.5 


18 


Synthesis Example 5 


1 -Phenylethylamine 


2.0 


19 


Synthesis Example 5 


1 -Phenyl-2-amtnopropane 


2.5 



'1 : Based on urea powder 



Example 20 

A 1 .54 g amount o' the thiophene-containing carboxyl.e a ^id (17) obtained m Synthesis Example 17 was 
dissolved in 40 ml of tetrahydrofuran. followed by adding 1 46 g of optically active R-i-)-l -phenylethylamine. 
The precipitated solid was recovered and recrystalh/eri from ethanoi to obtain the cystai having a melting 
point of '.71 'C (decomposition; 
so The elemental analysis values were C 63 85%, H 5.15%, N 9.30%, S 10.40%. which were well coincide 

with the calculated values, C 63 97%. H 5.38%. N 9.33%, S 10.17% based upon a 1:1 amine salt of the 
carboxylic acid. The integrated intensity ratio cf the absorption peak of the carboxyhc acid of Synthesis 
Example 17 and phenethylamine from the NMR spectrum. The maximum absorption wavelength was 322 
nm When the second harmonic generation was determined after the crystal was finely powdered, the green 
emission having the ability' of about twice of tna* o f urea was observed 
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E>ample_2l 

A 1.5' g amoun: of the 3-suostituted thiophene carboxyiic acid (18) obtained in Synthesis Example 18 
was dissolved in 20 ml of tetrahydrofuran. followed by aadmg 1.20 g of R-i-H-phenyletnylamine. The 

5 precipitated solid was recovered and recrystalhzed from etnano. after drying, to obtain tne cystai having a 
molting point of 171 "C (decomposition) 

The elemental analysis values were C 63.82%, H 5.07%. N 9.31%. S 10.57%. which were well coincide 
with the calculated values, C 63.9 T %, H 5.38%, N 9.33%, S 10 17% based upon a 1:1 amine salt of the 
carboxyhc acid The integrated intensity ratio of the absorption peak of the carboxyiic acid of Synthesis 

rj E> ample 18 and phenethylamine from the NMR spectrum. The maximum absorption wavelength was 322 
nm. The second harmonic generaiing ability of the crystal was 3 times of that of urea and the maximum 
absorption wavelength of the sampie in ethanol was 322 nm 

E> ample 22 

75 

A 0.99 g amount of the carbo>ylic acid (21) obtained in Synthesis Example 21 was dissolved in 40 ml 
of tetrahydrofuran, followed by adding 0.78 g of optical active R-(-)-l -phenylethylamine thereto 

After n-hexane was then added, the precipitated solid was recovered. The solid was recrystallized from 
ethanol to obtain the crystal having a melting point of 121 * (J (decomposition). Tne eiemeniai analysis data 
20 were C 69.55%, H 5.95%, and N 9 00%, which was well coincided with the calculated values of the optically 
active amine salt of the synthesized carboxyiic acid (21). The emission having an intensity of about 5 times 
of that of urea was observed by an Nd-YAG laser beam. The maximum absorption wavelength of the 
sampie in ethanol was 350 nm. 

25 Example 23 

A 3.20 g amount of the carbo>ylic acid (12) obtained in Synthesis Example 12 was dissolved in 50 ml 
of tetrahydrofuran, followed by adding 2.50 g of R-(-)-2-amino-1 -butanol thereto. 

The precipitation was momentarily generated and, after filtering, 3.00 g of yellow solid was recovered a 
30 mixed solvent of ethanol-methanol to obtain 2.1 g of the needle having a melting point of 187*C. The 
optical rotation degree in methanol with an Na-D ray was 16 degree. The maximum absorption of the 
sample in methanol was 355 nm amine salt of the synthesized carboxyiic. The second harmonic generating 
ability of the powder was 33 times of that of urea. 

35 Exam ples 24 - 42 

The salts of various carboxyiic acids and optically active alcohol amines were carried out in the same 
manner as in Example 23 and the second harmonic generating abilities of the resultant crystals were 
determined. 
40 The results are shown in Table 4. 



4i 



50 
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Table 4 



Example 


Carooxyhc acic 


Optically active amine base 


oHb generating 
ability "1 


24 


23 


1 -Amino-2-propano! 




25 


1 


2-Amino-i-butanol 


6.9 


26 


2 


*■ 


1.8 


27 


10 




1.2 


28 


2 


1 -Amino-2-propanol 


30.0 


29 


10 




1 .1 


30 


1 




26.0 


31 


12 




1 1 


32 


2 


2-Ammo-i-propanol 


0.5 


33 


10 




0.2 


34 


12 


2-Amino-1 -(p-nitrophenyl)-l ,3-propane diol 


0.7 


35 


12 


2-Dimethylamino-1 -phenyl-1 -phenyl-1 -benzyi-1 -propanol 


0 6 


36 


17 


2-Amino-1-butanol 


3.0 


37 


17 


2-Amino-1-propanol 


1 5 


38 


4 




1.3 


39 


20 




3.8 


40 


20 


2-Amino-1-butanol 


5.0 


41 


21 




3.6 


42 


19 




3.2 



"1: Based upon urea powder 



Example 43 

30 

A 0.89 g amount of dimethoxy substituted conjugated carboxylic acid (7) obtained in Synthesis Example 
7 was dissolved in 10 ml of THF, followed by adding 0.42 g of dextrorotatory R-(-)-2-amino-1-butanol. The 
resultant precipitates was filtered and recrystallized from ethanol to obtain the white crystal having a melting 
point of 130.5'C. The NMR spectrum of the resultant solid revealed the integrated intensity, which shows 

as the formation of 1:1 by mole salt of the corresponding carboxylic acid and amine. The crystal was finely 
powdered and the second harmonic generating ability was determined. As a result, the emission capability 
thereof was 5.8 times of that of urea. The maximum absorption of the sample in ethanof was 370 nm. The 
powder of 2-methyl-4-nitroanilme used as a control was melted and carbonized under the determination 
conditions of the second harmonic generating ability, whereas the change in the emission capability of the 

40 present sample with the elapse of time was not observed and the damage resistance of the present sample 
against light was good. 

Example 44 

■a. The amine salt was formed in the same manner as in Example 43. except that R-(-)-1-aminc-2-propano1 

was used as the optically active amine. The second harmonic generating ability of the resultant salt was 
about 4 times nf that of uroa and trie ability was not changed with tht, elapse of time Thus, it has been 
observed that a high resistance to the light damage was good. 

so Example 45 

The salt was formed in the same manner as in Example 43. except that the dimethoxy compound (5) 
obtained in Synthetic Example 5 as the carboxylic acid The emission capability of the resultant salt was not 
changed when the sample was exposed to a laser beam for a long time 
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E> ample 46 

A 2.30 g amount of L-phenylalanme ethyl ester hydrochloride was suspended m 50 mi of ether, followed 
b> adding thereto C 96 g of tnethyl amine and further 30 ml of water ter mi of the supernatant etne' phase 
t was recovered and this solution was added tc a previously prepared solution of 0.26 g of the above- 
mentioned carboxylic acid (1) m 6 ml of THF. The needles were obtained with the elapse of time. The 
decomposition of this crysta' was 180'C When the second harmonic generating ability o- this crystal was 
determined, the intensity was about 15 times of that of urea 

tc 1 E> ample 47 

A 3.30 g amount of L-valme methyl ester hydrochloride was suspended in 50 ml of ether, followed by 
adding thereto 1.89 g of tnethyt amine to obtain an ether solution of the L-valine methyl ester. This solution 
was added to a solution of 0.12 g of the above-mentioned carboxylic acid (2) in 10 ml of THF to obtain the 
ib needles. When the second harmonic generating ability of the crystal powder was determined, the intensity 
was 3 times of that of urea. 

E>amples 48 - 64 

20 The amine salts of a-amino acid esters of various carboxylic acids were obtained in the same manner 
as in Examples 1 and 2 and the second harmonic generating abilities were determined. 
The results are shown in Table 5. 

Table 5 

25 



Example 


Carboxylic acid 


Optically active amine base 


SHG generating 
ability "1 


48 


10 


L-Phenylalanme ethyl ester 


16 


49 


12 




10 


50 


8 




5 


51 


10 




7 


52 


13 




5 


53 


15 




4 


54 


19 




4 


55 


1 


L-Valine methyl ester 


12 


56 


11 




15 


57 


14 




4 


58 


12 




18 


59 


16 




3 


60 


1 


D-Phenylglycine methyl ester 


10 


61 


9 




5 


62 


7 




11 


63 


1 


a-N-Benzyol-L-agmine ethy! este f 


8 


64 






3 



*1 ■ Based on urea 



so Example 65 

Synthesis o_f^-(;)-_phenethyl 2-cyano- 5-phenyl-2.4-pent adienocarbox amid e (24) 

A 3 3 g amount of an acid chloride of the compound (11) obtained by thermally treating the compound 
rt _ HI i with thionyl chionde was added, under vigorous stirring, to 20 ml o f o-oxane containing 1 .8 g of S-i-<- 
phenethyl amine and 1 .5 g of tnethyl amine. After stirring at room temperature for further 3 hours, the 
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Elemental analysis: C 79.50% H 6.05V N 9.30% (Caic C 79 44% H 6.00%. N 9.26%) 
IR absorption spectrum -NH- g r oup a* 3364 err''. CN group at 2?16 cm*' amine i II at 1649 cm"' 
and 1522 cm"' 

Ama>: in dioxane 336 nm 

s When the second harmonic generating ability of the crysta 1 was determined, the intensity was about 11 

times of u r ea and there are no suostantia! deformation, when the sample was irradiated 1or a iong time. 

Example 66 

>c Synthesis of 5-(-)-phenethy l 2-cyano-7-phenyl-2,4.6-heptatnene-1 -carbo> amide (25) 

A 1.79 g amount of the acid chloride of the compound (11) (m.p. 143°C) obtained by thermally treating 
the compound (11) with thionyl chloride was added, under vigorous stirring, to 30 ml of THF containing 1.06 
g 0 f S-(-)-phenethyl amine and 0.70 g of pyridine dissolved therein After completion of the reaction, a large 
ft amount of water was added to the reaction product and the resultant precipitates were filtered, followed by 
recrystallizing. to obtain 1 .6 g of a crystal having a melting point of 128*C. 

Elemental analysis: C 80.74%. H 6.20%. N 8.66% (Calc. C 80.44%. H 6.15%, N 8 53%) 

IR absorption spectrum: -NH- group at 3360 cm"', -CN group at 2216 cm -1 , presence of amine I, II at 

1649 cm*"' and 1522 cm -1 . 
20 Xmax in ethanol: 370 nm 

NMR spectrum: the methyl group of phenethyl group at 1.57 ppm, -CH = at 7.99 ppm, 6.79 - 7.05 ppm, 
6.82 ppm (Thus, the structure of the desired compound was confirmed) 

When the second harmonic generating ability of the crystal was determined, it was observed that the 
intensity was 1.1 times of urea and there are no substantial deformation after a long time irradiation of a 
25 laser beam. 

Example 67 

Synthesis of S-(-)1 -(a-naphthyl)ethyl 2-cyano-7-phenyl-2.4.6-heptatriene-1-carboxamide (26) 

30 

To a dry THF solution of an equivalent mixture of the compound (12) and S-{-)1 -(a-naphthyl)ethylamine, 
dicyclohexylcarbo diimide was added, followed by stirring for one night. The precipitated dicyclohexyl urea 
was recovered by filtration and the mother liquor was concentrated, followed by recrystallizing from a 
mixture of ethanol .methanol to obtain a white solid having a melting point of 100"C. 
35 IR absorption spectrum: -NH- group at 3360 cm"', CN group of 2220 cm" 1 , presence of amide I, II at 

1650 cm-* and 1522 cm"' 

When the second harmonic generating ability of the crystal was determined, the intensity was 4 times 
of that of urea and there are no substantial deformation after a long time irradiation of a laser beam. 

jo Examples 68 - 72 

Various optically active amides shown in Table 6 were obtained from various carbo<ylic acid and 

optically active acid amide 



50 
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Claims 

1. An organic nonlinear optical substance having tne formula fl): 



CN 



C 

I: 

0 



- B 



(I) 



wherein 

R' represents -H or -CH 3 ; 

n is 0, 1 , or 2, 

A represents Z'-Ar-, 
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Z 2 C - C 

Z 3 -Ar-, R 2 - , or (Z 5 )4f- || 

z • c c 

X 



wherein Ar represents a 6 - '4 membered aromatic group including a heterocyclic ring o r bisphenylene 
type ring; Z represents H-. R : R' N-. R 7 0-, R h S-, NC-, R-OC0-, R' ; COO-. 0 : N-, R"R' 2 NOC-, R' 3 CO- 
(R'')N-, or R ,c -; Z : . Z\ anc Z l independently represent H-. a C--Ct alkyi-, R ,£ 0-, R" 7 R' f N, R 1 -S-, 
O2N-, or two R u being, in combination, R 2C CH - ; R 2 represents H- or a Ci-C-.r alky!; R- to R 20 
independently represent H-. or a C--C-: hydrocarbon residue; T independently represents H-, a C--C& 
saturated hydrocarbon residue 0 : N-, R 21 0-, R 22 S-. NC- or R 23 R 2i N-, wherein R 2 ' to R 2i independently 
re p reS ent H or a C- - C t saturated hydrocarbon residue, X represents -S-, -0-, or , ; NR 26 ; r is 0 cr an 
integer of 1 to 3; and R 2b rep r esents H or a hydrocarbon group having 1 to 8 carbon atoms; 

B represents -OH- Amine' where Amine represents an optically active amine; -NR 4 Y where R 4 
represents -H or a single bond, Y represents -(CH-) P CQ 1 Q 2 Q 3 where p is 0 or 1; Q\ Q 2 , and Q 3 are 
different and represent -H, a C- -d alkyl, phenyl, naphthyl, -OH. -CH 2 OH, -COOR^. -CNR ?6 R ?7 ( a 
residue of an a-amino acid irom which an ammo group is removed, where R 2: to R 27 independeniiy 
represent -H or -Ci-Cs hydrocarbon residue; or Y represents -CQ 4 Q S Q 6 where Q 4 , Q b and Q & are 
different and Q* and Q- are as defined for Q 1 , Q 2 and Q 3 and Q & represents (CH 2 ) P of which one bond 
is linked to the bond of R* where q is an integer of 1 to 4. 

2. An organic nonlinear optical substance as claimed in claim 1, wherein in the formula (I), R 1 represents 
H, Z represents H-, R ? R 6 N-, R 7 0-, R 8 S-, NO. R^OCO-, R ,c COO-, 0 2 N-, R v R 1? NOC-, R 13 CO(R 14 )N- ( 
or R' 5 -, Ar represents an aromatic group having 5 to 14 carbon atoms, and B represents -OH- Amine* 
wherein Amine* represents an optically active amine selected from the group consisting of 1- 
phenylethyiamine, 1 -(a-naphthyl) ethylamine, 1-phenyl-2-methy!ethylamine, 1-phenyl-2-aminopropane, 
and brucine. 

3. An organic nonlinear optical substance as claimed in claim 1, wherein, in the formula (I), R 1 represents 
H, Z represents H-. R-R E N-, R 7 0-, R S S-, NO, O.N-, R 5 OCO-, R 1 °COO-, R"'R 12 NOC-. R' 3 CO(R 14 )N-, 
or R' 5 -, Ar represents an aromatic group having 6 to 14 carbon atoms, and B represents -OH -Amine* 
wherein Amine* represents an optically active amine selected from the group consisting of 2-amino-1- 
butanol, 1 -amino-2-propanol, 2-amino-1 -propanol, 2-amino-1-(p-nitrophenyl)-1 ,3-propanediol, 2- 
dimethylamino-1 -phenyl-1 -benjyl-1 -propanol, and 1 -(N,N-dimethylamino)-1 -phenyl-propylamine. 

4. An organic nonlinear optical substance as claimed in claim 1, wherein, in the formula (I), R 1 represents 
H, A represents 

z\ 

Z^Ax 

wherein one of Z* . Z : '. and Z 4 represents H anc the remainder independently represents C--C-c alkyl, 
R'' : 0-, R'"R' F, N-. R'-S, or 0. Ar represents an aromatic group having 6 to 1 4 carbon atoms, and B 
represents a residue of ar, optically active amine selected from the group consisting of 2-amino-l- 
butanol, 1 -ammc-2-propanol, 2-amino-1 -propanol, 2-ammo-1 -(p-mtrophenyh-1 ,3-propanediol, 2- 
dimethylammo-1 -phenyl-1 -benzyl-1 -propanol, and 1 -{N,N-dimethylammo)-1 -phenylpropylamine. 



5. 



An organic nonlinear optical substance as claimed in claim 1, wherein, in the formula (h. R' represents 
H. A represents 
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Z 3 — Ar 

z 4 

wherein one of Z* . Z : and Z 4 represents H- and tne remainder independently represents C- -C— alky I , 
R' ; 0- R" 7 R' E N-. R'-S-. o r 0; N-, Ar represents an aromatic group having 6 to 14 carbon atoms, and B 
represents a residue of an optically active amino selected from the group consisting of 1-(phenyl)- 
ethylamine. 1 -(c-naphthyhethylamine. 1 -phenyl-.- -methylethylamine, 1 -phenyl-2-aminopropane. and 
brucine. 

6. An organic nonlinear optical substance as claimed m claim 1, wherein, in the formula (I), R' represents 
H. A represents T Ar-, Z represents H-. R-R'N-. R 7 0-, R 8 S-, NC-, O2N-, R s OCO-, R 10 COO-, 
R^R^'NOC-, R :3 CO(R ,< )N-, or R" -, Ar represents an aromatic ring having 6 to 14 carbon atoms, and B 
represents -NR 4 Y. 

7. An organic nonlinear optical substance as claimec m claim 1, wherein, in the formula (I), R' represents 
H, A represents Z-Ar-, Z represents R 5 R fc N-,R'0- R B S-, NC-, R 3 0C0-, H ,0 (JOO, K ] K-nOC, R-CG- 
(R ,fi )N-, or R lb -, Ar represents an aromatic group having 6 to 14 carbon atoms, and B represents 
-OH- Amine" wherem Amine" represents an optically active a-amino acid or the derivative thereof. 

8. An organic nonlinear optical substance as claimed m claim 1, wherein, in the formula (I), R' represents 
H, A represents 

z\ 

Z 3 — Ar- 
z 4 - ' 

where one of Z 2 , Z 3 , and Z fi represents H or substituted Ci -Ce alkyl, the remainder of Z : , Z 3 , and Z ( 
represents together methylene dioxy group wherein the dioxy groups are bonded to the adjacent 
positions of Ar, Ar represents an aromatic group having 6 to 14 carbon atoms, and B represents 
-OH -Amine" wherein Amine* represents an optically active amine selected from the group consisting of 
1 -phenylethylamine, 1 -(a-naphthyl)ethyiamine, l-phonyl-2-methyiethylamine. 1 -phenyl-2-aminopropane, 
brucine, 2-amino-1 -butanol, 1 -amino-2-propanol, 2-ammo-1 -propanol, 2-amino-1 -(p-nitrophenyl)-l ,3-pro- 
panediol, 2-dimethylamino-1 -phenyl- 1 -benzyl- 1 -propanol, 1-(N,N-dimethylamino)-1 -phenyl-propylamine, 
and a residue of an optically active a-amino acid anj the derivative thereof; or -NR 4 Y. 

9. An organic nonlinear optical substance as claimed m claim 1, wherein, in the formula (I), R* represents 
H or CH 3 , A represents R : where R : represents H or an alkyl group having 1 to 12 carbon atoms, and 
B represents -OH Amine* wherein Amine" represents an optically active amine selected from the group 
consisting of 1-(phenyljethylamine, 1 -(a-naphthyl)ethylamine, 1 -phenyl-2-methylethylamine, 1-pheny]-2- 
aminopropane. orucine; 2-amino-1 -butanol, 1 -amino-2-propanol. 2-ammo-1 -propanol. 2-amino-1-(p- 
mtrophenyl)- 1 3-pr ^panedio! 2-di methy lam m 0- 1 - phenyl - 1 - benzyl - * -propanol, 1 -(N.N-dimethylarninoM - 
pfienyl-1 -benzyl-1 -propanoi. 1-(N.N-dmethylaminoi-1 -phenyl-propylamine, and a residue of an optically 
active Q-amino acij and the derivative thereof. 

10. An organic nonlinear optical substance as claimed in claim 1, wherein, in the formula (I). R' represents 
H, A represents 



c - c 



c c 
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and B represents -OH 'Amine* wherein Amine' represents an optically active amine selected from the 
group consisting of 1 -phenyletnylamine l-(u-naphthyhethylamine l-phenyl-2-methyiethylamine. 1- 
phenyl-2-amtnopropane. brucme, 2-amino-l -butanol. 1-amino-2-propanol. 2-amino-1 -propanoi, 2-amino- 
i-(p-nitrophenyh-1 .3-propanediol. 2-dimethylanr>ino-1 -phenyl- 1 -benzyl- 1 -propanoi. 1 - (N.N- 

dimethylamino)-l-phenyl-proDylamine. and a residue of an optically active a-amino acid and the 
derivatives thereof, or NR'Y 

11. An organic nonlinear optical substance as claimed in claim 1, wherein, in the formula (I). R* represents 
H, A represents 




wherein one of Z 2 , Z 3 , and Z* represents H- and the remainder independently represents C- -Chalky!, 
R" & 0-, R' 7 R*^N-, R 1S S, or OzN-, Ar represents an aromatic group having 6 to 14 carbon atoms, and B 
represents -OH -Amine' wherein Amine* represents an optically active or-amino acids or ih« uwiivdiives 
20 thereof. 

Patentanspruche 

1. Organtsche nichtlineare optische Verbindung mit der Formel (I): 

25 

A -f— CR L =CH -) CH = C - C - B 

I II (I) 
CN O 



worm R 1 Wasserstoff Oder -CH 3 reprasentiert; 
n gleich 0, 1 Oder 2 ist; 
A die Gruppe Z'-Ar-, 

35 




\ / 

X 

reprasentiert. 

45 worin Ar eme 6-14gliednge aromatische Gruppo emsctilieBhch ernes heterozyklischon Rings Oder 

B sphenylennngs reprasentiert; 

Z Wasserstcfl R- R £ N-. R'O-, R^S-, NO, R-OCO-, R' : COO. 0;N-. R"R' : NOO. R""CO(R'MN-. oder 
R f - reprasertiert. 

Z : , Z' } und Z 4 unaohangig voneinanae' Wasserstoff. emen C- -C;- -Aikylrest R'-O- R'-' R'-N. R ,tJ S-, 
so O^N- oder zwei R' f -Reste reprasentiert, welche kombimert R X CH( ergeben; 

R : Wasserstoff oder emen C- -C* r-Alkyirest reprasentiert; 

R" bis R x: unabhangig voneinander Wasserstoff oder emen C- -C- c-Kohlenwasserstoffrest reprasentie- 
ren, Z~ unabhangig Wasserstoff, einen gesattigten C- -Cg-Kohlenwasserstoffrest, 0:>N-, R 2 '0-, R^S-, 
NO- oder R :;i R ? ' N- reprasentiert, worm R r " bis unabhangig voneinander Wasserstoff oder einen 
5f gesattigten C- -C ? -Kohlenwasserstotfrest reprasentieren; X -S- -0- ode' ) NR 2t reprasentiert: r gleich 0 

oder eme ganze Zahl von 1 bis 3 1st: und R ?e Wasserstoff oder eme Kohlenwasserstoffgruppe mit 1 pis 
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2. 

jo 



75 

3. 



20 



4. 

25 



30 



35 



40 

5. 



41 



Wasserstoff oaer eine Emfachbmdung reprasentiert. Y -iCH. , v CQ'Q : 'Q : " reprasentiert, woroe; p gleich 0 
oaer 1 tst. Q'. Q : und Q : verschieden smd und Wasserstoff. em C--0-Alkyl, Phenyl. Naphthyl, -OH. 
-CH:-OH, -COOR 2 -, -CNR^R- ' und emen Res* einer u-Ammosaure von de r em Ammorest entfernt ist. 
reprasentieren. worm R 2i bis R^' unabhangig vonemanae r Wasserstoff Oder emen C* -Ce -Kohienwas- 
serstoffrest reprasentieren: ode' worm Y -CQ L Q : O reprasentiert, worm Q\ CT und Q' verschieden 
snd und Q' und Q l wie zuvor Q". Q : und Q 3 aefiniert smd. und wobei Q k {CH : ) c reprasentiert, von 
dem erne Bindung mit der Bindung von R 1 verkni-ptt ist, wobei q eine ganze Zanl von 1 dis 4 ist. 

Oganische nichtlmeare optische Verbmdung nacn Anspruch 1, worm in der Forme! (I) R" Wasserstofl 
reprasentiert, Z' Wasserstoff, R r R* N-, R 7 0-, R fi S-, NC-, R'OCO-. R ,c COO-, 0?N-, R"R-NOC-, R* 3 CO- 
(R'MN- oder R*-- reprasentiert, Ar eine aromatische Gruppe mit 5 bis 14 Kohlenstoffatomen reprasen- 
tiert und B -OH- Amin* reprasentiert, worm Amin* em optisch aktives Amin. ausgewahlt aus der aus 1- 
Pnenylethylamin, 1-(u-Naphthyl)-ethyl-amin. 1 -Phenyl-2-methylethyiamin, 1-Phenyl-2-aminopropan und 
B'ucin bestehenden Gruppe, reprasentiert. 

Organische nichtlineare optische Verbindung nach Anspruch 1 , worin in der Formel (I) R ■ Wasserstoff 
reprasentiert, Z 1 H-, R^-R'N-, R 7 0-, R 8 S-, NO, 0 2 N-, R 2 OCO-, R ,c COO-, R^R^NOCY-, R* 3 CO(R 1i )N- 
oder R 15 reDrasentiert, Ar eine aromatische Gruppe mit 6 bis 14 Kohlenstoffatomen und B em 
-OH.Amm* reprasentiert, wobei Amin* ein optisch aktives Amin reprasentiert, ausgewahlt aus der aus 
2-Amino-1-butanol, 1-Amino-2-propanol, 2-Amino-1-propanol, 2-Amino-1-(p-nitrophenyl)-1 ,3-propandiol, 
2-Dimethyl-ammo-t -phenyl-1 -benzyl-1 -propanol und 1 -(N,N-dimethylamino)-1 -phenyl-propylamin beste- 
henden Gruppe. 

Organische nichtlineare optische Verbindung nach Anspruch 1, worin in Formel (I) R 1 Wasserstoff 
reprasentiert, A 



reprasentiert, worin einer der Reste 

Z : , Z 2 und Z 4 Wasserstoff reprasentiert und die restlichen unabhangig voneinander C- -C- c-Alkyl, R 16 0- 
, R i: 'R l8 N-. R 9 S oder OrN- reprasentieren, wobei Ar eine aromatische Gruppe mit 6 bis 14 Kohlen- 
stoffatomen reprasentiert und wobei B emen Rest ernes optisch aktiven Amms reprasentiert, welches 
aus der aus 2-Amino-1 -butanol, l-Amino-2-propanol, 2-Amino-t -propanol, 2-Amino-1 -(p-nitrophenyl)- 
1 .3-propandiol, 2-Dimethyiamino-1-phenyl-1-benzyl-t-propanol und 1-(N,N-dimethytamino)-1-phenyl- 
propylamin bestehenden Gruppe ausgewahlt ist. 

Organische nichtlineare optische Verbindung nach Anspruch 1, worin in der Formel (I) R 1 Wasserstoff 
reprasentiert, A 



reprasentiert. worm einer der Reste 

Z : \ Z 2 und Z* Wasserstoff reprasentiert und die restlichen unabhangig voneinander Ci -C- c-Alkyl, R' fc 0- 
R' 7 R" fc N-. R' C S- oder Or N- reprasentieren, worm Ar eine aromatische Gruppe mit 6 bis 14 
Kohlenstoffatomen reprasentiert und B emen Rest eines optisch aktiven Amms reprasentiert, ausge- 
wahlt aus der aus 1 -Phenylothylamm. 1 -a-Naphthyi-othylamin. 1-Phenyl-2-mcthylethylamin, 1-Phenyl-2- 

ammopropan und Brucm bestehenden Gruppe. 





Ar 
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R : C00-, R"R' ? NOC-. R' : 'CO(R ,i )N- oder FT- reprasentierr wooei A r emen aromatischen Ring mit 6 
bis 14 Kohienstottatomer reprasentiert una wobe^ B -NR~ Y reprasentiert 

7. Organische nichtlineare optische Verbindung nacn Ansprucn 1, worm in der Formel fl) R" Wasserstoff 

reprasentiert, A Z'-A-- reprasentier:. T R- R' N- R^O- R fc S-, NO, R-OCO-. R 1U COO, R"R' ? NOC, 
R' 3 CO(R'*)N- Oder R"-- reprasentiert. Ar eme aromatische Gruppe mit 6 bis 14 Kohlenstoffatomen 

reprasentiert und worm B -OH* Amin", wobei Amin' eme optisch aktive a-Aminosaure Oder deren 
Denvate reprasentiert. 

io 8. Organische nichthneare optische Verbindung nach Anspruch 1, worm in der Formel d) R 1 Wasserstoff 
reprasentiert, A 



76 




reprasentiert, worin einer der Reste 

20 Z\ Z 3 und Z 4 Wasserstoff reprasentieren Oder einen substituierten C- -Ce-Alkylrest und wobei die 

restlichen Reste Z : , Z : und Z 4 zusammen eme Methylen-dioxy-Gruppe reprasentieren, wobei die 
Dioxy-Gruppen an die benachbarten Positionen an Ar gebunden sind, wobei Ar eme aromatische 
Gruppe mit 6 bis 14 Kohlenstoffatomen reprasentiert und worin B -OH •Amin* reprasentiert, wobei 
Amin* ein optisch aktives Amin reprasentiert, ausgewahlt aus der aus 1-Phenylethylamin, 1-or-Naphth- 

25 ylethylamin, 1 -Phenyl-2-methylethylarnin, 1-Phenyl-2-aminopropan, Brucin, 2-Amino-1 -butanol, 1-amino- 

2-propanol, 2-Amino-1 -propanol, 2-Amino-1 -(p-nitrophenyl)-l ,3-propandiol, 2-Dimethy l-amino-t -phenyl- 
1 -benzyl-1 -propanol 1 -(N,N-Dimethyl-amino)-1-pheny!-propylannin und einem Rest einer optisch aktiven 
a-Aminosaure und deren Derivate bestehenden Gruppe; oder -NR*Y. 

30 9. Organische nichtlineare optische Verbindung nach Anspruch 1, worm in der Formel (!) R 1 Wasserstoff 
oder Methyl reprasentiert; A R 2 reprasentiert, wobei R 2 Wasserstoff Oder eine Alkylgruppe mit 1 bis 12 
Kohlenstoffatomen reprasentiert und worin B -OH* Amin* reprasentiert, worin Amin' ein optisch aktives 
Amin reprasentiert, ausgewahlt aus der aus 1-Phenylethylamin, 1-(a-Naphthyl)ethylamin, 1-Phenyl-2- 
methylethylamin, 1 -Phenyl-2-aminopropan, Brucin; 2-Amino-1 -butanol, 1-Amino-2-propanol, 2-Amino-1- 

35 propanol, 2-Amino-1 -(p-nitrophenyl)-l ,3-propandio!, 2-Dimethylamino-1 -phenyl- 1 -benzyl-1 -propanol, 1- 

(N,N-dimethylamino)-1 -phenyl-1-benzyl-1-propanol, 1 -(N,N-Dimethylamino)-1 -phenyl-propylamin und ei- 
nem Rest einer optisch aktiven a-Aminosaure und deren Derivate bestehenden Gruppe. 

10. Organische nichtlineare optische Verbindung nach Anspruch 1, worin in der Formel (I) R 1 Wasserstoff 
40 reprasentiert, A 

^ c c 

\ / 

X 

unc B em -OH*Amin* rep'asentiort, wobei Amin' em ootisch aktives Amir reprasentiert. ausgewahlt aus 
50 der aus 1 -Phenylethylamm, 1 -(a-Naphthyl)ethylamin- 1 -phenyl-2-methylethylamin, 1 -phenyl-2-ammopro- 

pan, Brucin, 2-Amino-1 -butanol, 1 -Amino-2-propanol, 2-Amino*1-propanol, 2-Amino-1 -(p-nitrophenyl)- 
1 ,3-propandiol. 2-Dimethylamm-1 -phenyl-1 -benzyl-1 -propanol, 1 -(N,N-Dimethylamino)-1 -phenyl-propyla- 
min und einem Rest einer optisch aktiven o-Aminosaure und deren Derivate bestehenden Gruppe; oder 
NR'Y. 

11. Organische nichtlineare optiscne Verbindung nach Anspruch 1, worm in de r Formel (h R' Wasserstoff 
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Z° -yAr 



reprasentiert. worm emer der Reste Z\ Z- und Z 4 Wasserstoff reprasentiert und die restlichen 
unabhangig voneinander C- -C- : -Alky I. R ,e O-, R' 7 R ,e r\k R 1 -S Oder O; N-reprasentieren, Ar erne aroma- 
tische Gruppe mit 6 bis 14 Kohlenstoffatomen reprasentiert und B em -OH*Amin" reprasentiert, worm 
Amin* eine optisch aktive o-Aminosaure oder deren Denvate reprasentiert 

Revendications 

1. Substance optique non Imeaire organique repondant a la formule (I) : 

A H— CR 1 =CH -h— CH = C - C - a (I) 

! ;! 

CN 0 

dans laquelle R 1 represente -H ou -CH 3 ; 
n est 0, 1 ou 2 ; 
A represente Z n -Ar-, 

Z 2 \^ c - c 

Z 3 — Ax-, R 2 - , ou ( 25 ) r "jf 

z 4// c c 

N / 

X 

ou Ar represente un groupe aromatique a 6 a 14 chatnons comprenant un cycle heterocyclique ou un 
cycle du type bisphenylene ; T represente H-, R 5 R 6 N-, R 7 0-, R 8 S-, NC-, R s OCO-, R 10 COO-, 0 2 N-, 
R 11 R' 2 NOC-, R ,3 CO(R u )IM- ou R 1 ' J - ; Z 2 , Z 3 , et Z* representent independamment H-, un groupe alkyle 
en Ci-Ce, R 1E> 0-, R 1 7 R 1E N, R 1 ^S-, 0 2 N-, ou deux symboles R 16 representent ensemble R 2C ChC ; R 2 
reprfesen te h- ou un groupe alkyle en Ci-C- 2 ; R ! a R 20 representent independamment H-, ou un 
radical hydrocarbure en C--C- c ; Z- represente indeoendamment H-, un radical hydrocarbure sature en 
C'-Ce, 0 2 N-, R : "0-' R 22 S- p NC- ou R 22 R 2 *N-, ou R 2 " a R 2t representent independamment H ou un 
radical hydrocarbure sature en C-C 8 ; X represente -S-, -O-ou - ; NR 28 ; r est 0 ou un entier de 1 a 3 ; 
et R rE represente H ou un groupe hydrocarbure ayant 1 a 8 atomes de carbone ; 

B represente un groupe -OH -Amine* dans lequel Amine represente une amine optiquement active ; 
-NR 4 Y dans lequel R 4 represente -H ou une simple liaison ; Y represente -(CH : ) r CQ"Q 2 Q^oj p est 0 ou 
1 ; Q\ Q : et Q- sont differents et representent -H, un groupe alkyle en C- -Ci : . un groupe phenyle, 
naphtyle, -OH. -CH; OH. -COOR ?r , -CNR-^R 77 . un radical d'alpha-aminoacide dont un groupe ammo est 
i limine. R 2: " a R : representant independamment -H ou un radical hydrocarbure en C--C= ; ou Y 
represente -CQ 4 Q : Crou G 4 , Q- et Q r sont differents et 0* et Q- sont tels que definis pour Q' , Q ; et 
Q ;: et Q f represente (CK) q don! une liaison est iiee a la liaison de R* oj q est un entier de 1 a 4 

2. Substance optique non lineaire organique selon la revendtcation 1. dans laquelle dans la formule (I), R 1 
represente H, Z' represente H-, R- R e N-, R 7 0-, R e: S-, NC-. R-OCO-. R ,[: CO0-, 0 2 N-, R"R' 2 NOC-, 
R" 3 CO{R' 4 )N- ou R' E -. Ar represente un groupe aromatique en Ce -Ci * et B represente -OH- Amine* ou 
Amine* represente une amine optiquement active choisie parmi la 1 -phenylethylamine. la l-(alpha- 
naphtyliethylamme. la 1 -pheny!-2-methyethylamine. ie 1 -phenyl-2-aminopropane et la brucme 
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FPCCKFVMN- ou FT--. Ar represente un groupe aromatique en C t -0< et B represente un groupe 
-OH -Amine' oi Amine* represente une amine optiauemen* active cnoisie dans le groupe constitue par 
le 2-aminc- '-butanol. ie 1 -anninc-2-proDanol. ie 2-amino-l-propanol. le 2-ammo-1 -(p-mtrophenylH ,3- 
propanedioi. le 2-dimethyl- amino-1 -phenyi-i -uenzyl-1-propanol et la i -{N,N-dimethyi-amino)-1 -phenyl- 
propylamine 

4. Susbtance optique non lineage organique selon la revendication 1 dans laquelle, dans la formule {I), R' 
represente H. A represente 



zt 



ou un des symboles Z 2 , Z 3 et Z* representent H et les autres representent independamment un groupe 
alkyle en O-Oc, R 1& 0-, R" 7 R' E N-, R'~S, ou 0;N- Ar represente un groupe aromatique en C&-0* et B 
represente un radical d'une amine optiquement active choisie dans le groupe constitue par ie 2-amino- 
20 1-butanol, le 1 -amino-2-propanol, le 2-amino-1-propanol, le 2-amino-l-(p-nitrophenyl)-t ,3-propanediol, le 

2-dimethyl-amino-1-phenyl-1-benzyl-1-propanol et le 1 -(N,N-dimethyl-amino)-1 -phenylpropylamine. 

5. Substance optique non lineaire organique selon la revendication 1, dans laquelle, dans la formule (I) R 1 
represente H, A represente 



30 




ou un des symboles Z 7 , Z 3 et Z 1 representent H- et les autres representent independamment un 
groupe alkyle en O-Oo, R' G 0-, R' 7 R 16 N-, R' 5 S-, ou 0;N-, Ar represente un groupe aromatique en Ce- 
35 C-4 et B represente un radical d'une amine optiquement active choisie dans le groupe constitue par la 

1-(phenyl)ethylamine, la 1-{alphanaphtyl)ethy!amine, la l-phenyl-2-methylethylamine, le 1-phenyl-2- 
aminopropane et la brucme. 

6. Substance optique non lineaire organique selon la revendication 1, dans laquelle dans la formule (I), R 1 
40 represente H. A represente ZW-, Z 1 represente H-, R ; R 6 N-, R 7 0-. R 8 S. NC-. 0?N-, R'OCO, R 10 COO- 

, R v R' 2 NOC-, R' 3 CO(R'*)N- ou R'--, Ar represente un cycle aromatique en C&-Oa et B represente 
-NR 4 Y. 

7. Substance optique non lineaire organique selon la revendication 1, dans laquelle, dans la formule (I). R" 
■:; represente H. A represente Z'Ar-, Z' represente R- R ; N-.R-'O-. R'S-, NO, R-OCO-. R"°COO-, 

R"R' r NOC-, R' : 'GO(R'' )N-ou R' 1 -. Ar represente un cycle aromatique en Ct-O* et B represente un 
groupe -OH *Amme* dans lequei Amine* represente un alpha-ammoacidc optiquement actif ou un derive 
de celui-ci. 

so 8. Substance optique non lineaire organique selon la revendication 1. dans laquelle, dans la formule (I), R- 
represente H, A represente 
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oi un aes symooies Z : . et Z 1 represente H ou un groupe alkyie en C--Ct substitue, les autres 
representent ensemble un groupe methylenedioxy nans lequel les groupes dioxy soni lies aux positions 
aajacentes de Ar. Ar represente ur groupe aromatique en C t -C- A et B represente un groupe 
-OH • Amine* dans leauei Amine" represente une amtne optiauement active chotsie dans le groupe 
5 constttue pa r la 1 -phenylethyiamine. 1-<aipha-naph*.yl)ethylamine. la 1 -phenyi-2-methylethylamine. le 1- 

pnenyl-2-amtnopropane, la brucine. le 2-ammo-1-butanol. le 1 -amino-2-propanol, le 2-amino-1 -propanol, 
le 2-amtno-l-(p-nitrophenyl)-i ,3-propanediol, le 2-dimethylammo-1 -phenyl-t -benzyl-1 -propanol, la 1- 
(N.N-dimethylamino)-i-phenyi-propylamine et un radical d'un alpha-amtnoacide optiquement actif et le 
derive de celui-ci ; ou -NR 4 Y 

10 

9. Substance optique non lineaire organique selon la revindication 1, dans laquelle, dans la formule (I), FT 
represente H ou CH 3 , A represente R\ dans lequel R : represente H ou un groupe alkyle en C--C-. et 
B represente un groupe -OH 'Amine* dans leque Amine* represente une amine optiquement active 
choisie dans le groupe constitue par la 1 -(phenylethyiamine, l-(alphanaphtyl)ethylamme,la 1-phenyl-2- 
75 methylethylamine, le 1 -phenyl-2-aminopropane. la brucine ; le 2-amino-1 -butanol, le 1-ammo-2-propa- 

nol. le 2-ammo-l -propanol le 2-ammo-1 -(p-nitrophenyl)-l ,3-propanediol, le 2-dimethylamino-1-phenil-1- 
benzyl-1 -propanol, la 1 -(N,N-dimethylammo)-1 -phenyl-propylamine et un radical d'un alpha-aminoacide 
optiquement actif et le derive de celui-ci. 

20 10. Substance optique non lineaire organique selon la revindication 1, dans laquelle, dans la formule (I), R 1 
represente H, A represente 
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et B represente un groupe -OH -Amine* dans lequel Amine" represente une amine optiquement active 
choisie dans le groupe constitue par la T -(phenylethyiamine. 1 -(alphanaphtyl)ethylamine,la 1-phenyl-2- 
methylethylamine, le 1 -phenyl-2-aminopropane, la brucine ; le 2-amino-1-butanol, le 1 -amino-2-propa- 
nol, le 2-amino-1 -propanol, le 2-amino-1-(p-nitrophe : 'nyl)-1 ,3-propanediol, le 2-dimethylamino-1-phenyl-1- 
benzyl-1 -propanol, la 1 -(N,N-dimethylamino)-l -phenyl-propylamine et un radical d'un alpha-aminoacide 
optiquement actif et les derives de celui-ci ; ou NR'Y. 

11. Substance optique non lineaire organique selon la revindication 1, dans laquelle, dans la formule (I), R 1 
represente H, A represente 

3 \ 
Z — Ar 



oi un des symboles Z : , Z : o! Z L representent H- et les autres representent independamment un 
groupe alt- yle en C--C-c R*' 0- R' R' r R'-S, Ou 0; N-. A r represente un groupe aromatique en Ct- 
5C C< c et B represente un groupe - OH -Amine* dans lequel Amine* represente des alpha-aminoacides 

optiquement actifs et leurs derives. 



